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1. INTRODUCTION 

The pu rpose   o f   t h i s  document i s  t o   p r e s e n t  a model o f   t h e   t r a p p e d  

e l ec t ron   env i ronmen t   fo r   so l a r  minimum cond i t ions .   So la r  maximum models 

have   been   p re sen ted   fo r   t he   i nne r   r ad ia t ion  zone  by  Teague  and Vette 

(1972A and B) and f o r   t h e   o u t e r   r a d i a t i o n  zone  by  Singley  and Vette 

(1972A and B ) .  These  models are known r e s p e c t i v e l y  as AE-5 1967  and 

AE-4 1967.  The s o l a r  minimum model p r e s e n t e d   i n   t h i s  document c o n s i s t s  

of   an  inner  zone  model (AE-5 1975  Projected)  with  an  epoch  of  1975,  and 

an  outer  zone model with  an  epoch  of  1964.  With  only  minor modi- 

f i c a t i o n s   t h i s  l a t t e r  model i s  i d e n t i c a l   t o   t h e  AE-4 1964  model presented  

previously  by  Singley  and Vette (1972A and B) .  The  model,  however, has   no t  

previously  been  issued  in  computer  form. AE-4 1964 i s  based upon s a t e l l i t e  

da ta ,   whi le   the   inner   zone   so la r  minimum model AE-5 1975  Pro jec ted   cons is t s  

en t i r e ly   o f   ex t r apo la t ions   f rom AE-5 1967.  While t h e  two components of 

t h e   s o l a r  minimum model have  epochs 11 y e a r s   a p a r t ,  i t  is assumed tha t   any  

d i f fe rences   be tween  the   success ive   so la r  minima are smaller t h a n   t h e  model 

e r r o r ,  and the  complete  model i s  a s soc ia t ed   w i th   an  epoch  of  1975. 

This  document i s  p r e s e n t e d   i n  two p a r t s .  Those   readers   in te res ted  

o n l y   i n   t h e  model f l u x e s  are d i r e c t e d   t o   S e c t i o n s  2 and 3 o f   t h e   r e p o r t .  

Sec t ion  2 con ta ins   ca rpe t   p lo t s   o f   t he  model f l u x  and t h e   o r b i t - i n t e g r a t e d  

f l u x   f o r   c i r c u l a r   o r b i t s   w i t h   a l t i t u d e s   i n   t h e   r a n g e   f r o m  150 n.m. (278 km) 

t o  18,000 n.m. (33,300 km). I n   a d d i t i o n ,   t h i s   s e c t i o n  refers t o   c o n f i -  

dence  codes  for AE-5 1975  Pro jec ted   and   presents   rev ised   codes   for  

AE-5 1967.  Section 3 p r e s e n t s  a b r i e f   d e s c r i p t i o n   o f   t h e  la tes t  model- 

associated  computer   programs  issued  by  the  Nat ional   Space  Science Data 

Center (NSSDC). Detailed  documentation  of  each  computer  program is 

g i v e n   i n  Appendixes B through D. These  sect ions assume t h a t   t h e   r e a d e r  

is  in   possession  of   the  previous  program  documentat ion  presented  by  Teague 

and Vette (1972A). A summary o f   t he   fo rms   o f   t he   so l a r  minimum model 

a v a i l a b l e   t o  a u s e r  i s  g i v e n   i n  Appendix A. 



Sect ions  4 and 5 o f   t h i s  document are in t ended   fo r   t hose   r eade r s  

i n t e r e s t e d   i n   t h e   d e r i v a t i o n   o f   t h e   e x t r a p o l a t e d  model AE-5 1975  and t h e  

agreement   between  the  exis t ing  e lectron models  and da ta   t ha t   have  become 

ava i l ab le   s ince   t he   gene ra t ion  of the  models. 

In   Sec t ion   4 ,   t he   de r iva t ion   o f   t he   i nne r  zone  model i s  discussed.  

Two d i s t i n c t   t e m p o r a l   v a r i a t i o n s   a r e   i d e n t i f i e d   i n   t h e   i n n e r  zone: 

decay of a r t i f ic ia l  e l e c t r o n s  and solar-cycle-associated  changes.  Model 

AE-5 1967 con ta ins  a s i g n i f i c a n t  a r t i f i c i a l  f l u x  component at low L values  

and  intermediate   energies  (- 750  keV).  The S t a r f i s h  model presented  by 

Teague  and Stassinopoulos  (1972) is  u s e d   t o   e s t i m a t e   t h e   n a t u r a l  background 

flux, and AE-5 1975 is  t h e r e f o r e   c o n s i d e r e d   t o   b e   f r e e   o f  a r t i f i c i a l  

e lectrons.   Solar-cycle-associated  changes  over   the  per iod 1967 t o  1975 

are estimated  from  observations made ove r   t he  time per iod  1964 t o  1967. 

In  Section  5,   the  inner  zone  models AE-5 1967  and AE-5 1975  Projected 

are compared wi th  a number of  d a t a  sets t h a t   h a v e  become a v a i l a b l e   s i n c e  

those  models were generated.  A number of  d a t a  sets are regarded as 

p r o v i s i o n a l   f o r   r e a s o n s   d i s c u s s e d   i n   S e c t i o n  4 .  Data from the   fo l lowing  

s a t e l l i t e s  are presented:  OGO 5 (West, e t  a l ,  1973), OV3-3 (Vampola 1969), 

OV1-13 (Rothwell, e t  a l ,  1972), OS0 4 (Knox 1972), AZUR (Achtermann, e t  a l ,  

1970),   Explorer 4 (McIlwain  1963  and Vette 1966)  and  Explorer  12  (Ackerson, 

e t  a l ,  1966) .   In   addi t ion ,   the   models   a re  compared with OGO 3 ( P f i t z e r  

1968)  data.   This  data set  was used   fo r  model AE-5 1967.  In  general, it i s  

seen  that   the   agreement   between  the  exis t ing  e lectron  models  and t h e  

new d a t a  i s  acceptable .  
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2. THE, SOLAR MINIM" MODEL - GRAPHIC AND TABULAR PRESENTATION 

The s o l a r  minimum model descr ibes   the   t rapped   e lec t ron   omnidi rec-  

t i ona l   f l ux   env i ronmen t   fo r  L v a l u e s   i n   t h e   r a n g e  1 . 2  - < L / ( e a r t h   r a d i i )  

- < 11.0  and f o r   t h r e s h o l d   e n e r g i e s   i n   t h e   r a n g e  0.04 - < ET/(MeV) < 5.0. 

The  model  epoch i s  1975. 
- 

Omnid i r ec t iona l   f l ux   p lo t s  are p r e s e n t e d   i n   F i g u r e s  1 through 9 f o r  

th reshold   energ ies  ET = 40,  100, 250, 500, and  750 keV and 1, 2 ,  3, and 

4 MeV. The omnid i r ec t iona l   f l ux  i s  shown as a func t ion   o f   magne t i c   f i e ld  

s t r e n g t h  B [units  of  gauss) and L v a l u e   ( u n i t s   o f   e a r t h   r a d i i )   i n   c a r p e t  

p l o t  form. The use   o f   t h i s   t ype   o f   p lo t   has   been   p rev ious ly   desc r ibed  

by  Teague  and Vette (1972B).  With the   except ion   of  40-keV e l e c t r o n s ,  

t h e   i n n e r  and outer   zones   a re  mapped w i t h   t h r e e   c a r p e t   p l o t s .  The f irst  

map cove r s   t he   i nne r  zone  up t o   t h e   s l o t   r e g i o n  minimum, the  second map 

c o v e r s   t h e   s l o t   r e g i o n   t o   t h e   o u t e r  zone maximum, and t h e   f i n a l  map covers  

t h e  maximum up t o   t h e  edge  of  the  outer  zone. I t  will be   no ted   t ha t   t he  

e q u a t o r   l i n e s  are n o t  shown i n   F i g u r e s  1 through  9.   These  l ines may be 

obtained  by  drawing  the  envelope  of   the  high-f lux  s ide  of   the   l ines   of  

cons tan t  L va lue .  

Singley  and Vette (1972A and B) have  discussed  the  temporal   var ia-  

t ions   observed   in   the   ou ter   zone   due   to   magnet ic   s torms .   These   var ia -  

t i o n s  are described  by s ta t is t ical  models a s soc ia t ed   w i th  AE-4 1964  and 

AE-4 1967. The o u t e r   z o n e   p l o t s   p r e s e n t e d   i n   t h i s  document a r e   a p p l i -  

cab le   t o   an   ave rage   s to rm  s i t ua t ion .   Fo r   f l uxes  a t  o t h e r   l e v e l s   o f  

m a g n e t i c   a c t i v i t y ,   t h e   r e a d e r  i s  referred t o  S ingley  and Vette (1972A). 

I n   a d d i t i o n ,   t h e   i n n e r   z o n e   p l o t s   p r e s e n t e d   i n   t h i s  document are appro- 

p r i a t e   t o   a n   a v e r a g e   s t o r m   s i t u a t i o n .  

For L v a l u e s   g r e a t e r   t h a n   a p p r o x i m a t e l y   f i v e   e a r t h   r a d i i ,   d i s t o r -  

t ion   o f   the   geomagnet ic   cav i ty  by t h e   s o l a r  wind  becomes s i g n i f i c a n t ,  
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and t h e  B-L coordinate  system  based upon  an i n t e r n a l   f i e l d  becomes a 

geometric  system  only.  Consequently, a t h i r d   v a r i a b l e ,   l o c a l   t i m e ,  

must be   i n t roduced   t o   desc r ibe   t he   f l ux .  A l o c a l  time model has  been 

presented by Singley and Vet te  (1972A and B); i n   t h e   p r e s e n t  document, 

however, t h e   p l o t s   p r e s e n t e d  are averaged  over   longi tude,   and  for   local  

t ime   va r i a t ions   t he   r eade r  i s  r e f e r r e d   t o   S i n g l e y  and Vette (1972A). 

O r b i t - i n t e g r a t e d   f l u x   c a r p e t   p l o t s  are p resen ted   i n   F igu res   10  

through 13. The flux  accumulated  per  day i s  shown as a func t ion   of  

energy   th reshold  (MeV) and o r b i t   a l t i t u d e   f o r   c i r c u l a r   o r b i t s  a t  i n c l i n -  

a t i o n s   o f  0, 30, 60, and  90 degrees.  The a l t i t u d e   r a n g e  from  150 n.m. 

(278 km) to   18 ,000  n.m. (33,300 km) is covered i n  two p l o t s  a t  each 

i n c l i n a t i o n   t o  f a c i l i t a t e  in te rpola t ion .   In   F igure   10 ,   no te   tha t   no  

f l u x  is shown f o r  150 n.m. (278 km) a t  0-degree   inc l ina t ion ,   s ince  a t  

t h i s   a l t i t u d e   f l u x  i s  accumulated i n   t h e  anomaly reg ion   on ly .  The d a t a  

presented   in   F igures   10   th rough 13 were obtained by " f ly ing"   t he   o rb i t s  

t h rough   t he   so l a r  minimum model us ing  Program ORP. This  program is 

a v a i l a b l e  from NSSDC and i s  discussed  and documented i n  Appendix C. 

The c a r p e t   p l o t s   d e p i c t e d   i n   F i g u r e s  1 through  13 are a v a i l a b l e  

from NSSDC i n   t h e  form of  black-and-white 35-mm microfilm. They may 

be  obtained  using  the  order  numbers MT-26C i n   t h e   N o n s a t e l l i t e  Data 

F i l e  (NSDF) f o r   F i g u r e s  1 through 9 and MT-26B  (NSDF) fo r   F igu res   10  

through  13 (see Appendix A ) .  

B-L and R-X f l u x  maps are p resen ted   i n   F igu res   14   t h rough   19   fo r  

threshold  energies   of  40 keV, 500 keV, and 1 MeV. These p l o t s  are shown 

f o r   t h e   i n n e r  zone  only.   Outer  zone  plots  have  been  presented  previously 

by Singley  and Vette (1972A). 

A t  each  energy a s ing le   f l ux   con tour  i s  shown from t h e   s o l a r  maxi- 

mum model AE-5 1967 for   comparison  with AE-5 1975  Projected.   In  Figures 

14  and  17 t h e  1 x 108-electrons/cm2-sec  f lux  contour  i s  shown f o r  40 keV. 
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A t  t h i s   e n e r g y   t h e  two  models d i f f e r  as a r e s u l t   o f   s o l a r - c y c l e -  

re la ted   long- te rm  changes   in  the inner  zone. In Figures   15 and 18, t h e  

1 x 107-electrons/cm2-sec  contour  for  500 keV is shown.  The double- 

peaked  nature of  t h i s   c o n t o u r  i s  evident   f rom  both  f igures .  The i n n e r  

peak re f lec ts  t h e  a r t i f i c i a l  (S ta r f i sh )   f l ux  component i n  AE-5 1967. 

This component has  decayed  completely  by  1975  (Teague  and  Stassinopoulos 

1972). The outer   peak i s  caused   by   na tura l   e lec t rons .  However, t h e  

f l u x   d o e s   n o t   r e a c h   t h i s   l e v e l  i n  t h e  1975 estimate, due t o   r e d u c e d  

magne t i c   ac t iv i ty  at s o l a r  minimum. For 1 MeV, t h e  3 x 106 -e l ec t rons /  

cm2-sec contour  i s  shown i n   F i g u r e s   1 6  and  19. A t  t h i s   e n e r g y   t h e r e  is 

a l s o  a s i g n i f i c a n t  a r t i f ic ia l  f l u x  component i n  AE-5 1967; t h i s ,   t o o ,  

decays  completely  by  1975. The r eade r  i s  r e f e r r e d   t o   S e c t i o n s  4 and 

5 f o r  a more d e t a i l e d   d i s c u s s i o n  of the   d i f fe rences   be tween AE-5 1967 

and AE-5 1975  Projected.   In  addition, a docunent   en t i t l ed  "Comparison 

o f   t he   E lec t ron  Models AE-4 and AE-5 wi th  AE-2 and AE-3" is s h o r t l y   t o  

be issued by NSSDC (Hilberg, e t  a l ,  1974).   This document w i l l  d i s cuss  

the   d i f fe rences   be tween  the   o ld   and   the  new genera t ion   of   inner  and 

ou te r  zone e l e c t r o n  models. 

To e n a b l e   t h e   u s e r   t o  assess t h e   r e l i a b i l i t y   o f   t h e   s o l a r  minimum 

inner  zone  model, a system  of  confidence  codes  has  been  adopted.  These 

codes are shown i n   T a b l e  1. A similar t ab le   has   been   p re sen ted   fo r   t he  

s o l a r  maximum model AE-5 1967  by  Teague  and  Vette  (1972A),  where a scale 

of 1 t o   1 0  was used. A code   of   10   cor responds   to   the   h ighes t   re l iab i l -  

i t y ,   w i th   an   expec ted   e r ro r   o f  a f a c t o r   o f  two o r  less, and a code of  

1 t o   t h e  least  r e l i a b i l i t y ,   w i t h   a n   e x p e c t e d   e r r o r   i n   e x c e s s   o f  a f a c t o r  

of  10.  To main ta in   compat ib i l i ty ,   the  same codes  are   used  here ,  a l -  

though it i s  evident  from  Table l tha t   t he   h ighes t   con f idence   code  i s  8.  

I t  i s  clear from  Table 1 t h a t   t h e  most   inaccurate   regions  of  AE-5 

1975  Projected are the  high-energy  regions (E - > 3 MeV), which were de- 

r i v e d   e n t i r e l y   b y   e x t r a p o l a t i o n   ( e v e n   f o r  AE-5 1967). The most accu ra t e  
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reg ions  are a t  low  energy  and low L value,  f o r  which  temporal  variations 

are small. For  add i t iona l   d i scuss ions  of the   Table  1 confidence  codes,  

t he   r eade r  i s  r e f e r r e d   t o   S e c t i o n s  4 and 5. A s  a product   o f   the  com- 

par i son  of model AE-5 1967  with new d a t a  sets (Section 5),  updated  con- 

f i d e n c e   c o d e s   f o r   t h i s  model have  been  generated.  These are shown i n  

Table 2 .  They replace  those  previously  presented  by  Teague and Vet te  

(1972A). Discussion of  these  confidence  codes may be  found i n   S e c t i o n  5. 

6 



3. THE  SOLAR MINIMUM MODEL - ASSOCIATED COMPUTER PROGRAMS 

Three  model-associated  computer  programs are now i s sued  by t h e  

National  Space  Science Data Center (NSSDC): Programs MODEL, ORP, and 

ORB. The first two of  these  programs  have  been  issued  previously  by 

NSSDC i n  ear l ie r  versions  (1.0).  Documentation of  these   has   been   pre-  

sented  by  Teague  and Vette (1972A).  Program MODEL p rov ides   t he   u se r  

w i t h   t h e  model f l u x  a t  an   a rb i t r a ry   ene rgy  f o r  an a r b i t r a r y   p o i n t   i n  

B-L space.  Program ORP a l l o w s   t h e   u s e r   t o   f l y   a n   a r b i t r a r y   o r b i t  

through  any o f  t h e  models  issued  by NSSDC. The ma jo r   mod i f i ca t ion   t o  

t h e s e  two  programs  has  been t o   i n c l u d e   t h e   s o l a r  minimum model. De- 

ta i led   documenta t ion  of t h e   m o d i f i c a t i o n s   t o  Programs MODEL and ORP 

is g i v e n   i n  Appendixes B and C. I n   add i t ion ,  a d i s c u s s i o n   o f   t h e  

accuracy of o r b i t - i n t e g r a t e d   f l u x e s  is g i v e n   i n  Appendix C.  Appendixes 

B and C a r e   p re sen ted  on the   a s sumpt ion   t ha t   t he   r eade r   has  access t o  

t h e  program  documentation  presented  by  Teague  and Vette (1972A).  The 

t h i r d  program  issued  by NSSDC, ORB, i s  a new program  and i s  p r i m a r i l y  

d e s i g n e d   t o   g e n e r a t e   o r b i t   t a p e s  f o r  Program ORP. Deta i led  documenta- 

t i o n   o f   t h i s  program i s  g i v e n   i n  Appendix D. A summary o f   t h e   a v a i l a b l e  

computer  programs  and  model  products i s  g i v e n   i n  Appendix A. 
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4. DERIVATION OF AE-5 1975 PROJECTED 

As n o t e d   i n   t h e   I n t r o d u c t i o n ,   t h e   s o l a r  minimum model presented  

i n   t h i s  document i s  composed of two p a r t s .  The o u t e r  zone p a r t   o f   t h e  

model i s  i d e n t i c a l   t o   t h e  AE-4 1964  model p re sen ted  by  Singley and 

Vette (1972A), except   that   smoothing  has   been  performed  to  remove 

i r r e g u l a r i t i e s   i n   t h e   a v e r a g e   d i f f e r e n t i a l   s p e c t r u m   o u t p u t  by  Program 

MODEL, and t o  make the   i n t e r f ace   r eg ion   be tween   t he   ou te r  and i n n e r  

zones  smooth. The i n n e r  zone p a r t   o f   t h e   s o l a r  minimum model is 

r e f e r r e d   t o  as AE-5 1975  Projected,  and i s  d e r i v e d   s o l e l y  from t h e  

inne r  zone s o l a r  m a x i m u m  model AE-5 1967,  presented  by  Teague  and 

Vet te  (1972B). 

In   the   contex t   o f   t empora l   var ia t ions ,   the   inner  zone i n  1967 

may be   d iv ided   i n to   t h ree   r eg ions ,   each   w i th  a dominant  temporal  varia- 

t i o n .  A t  low L va lues ,  (L - < 1 . 6   e a r t h   r a d i i ) ,  a decaying a r t i f i c i a l  

f l u x  component e x i s t s   f o r   e n e r g i e s  E > 400 keV. T h i s   a r t i f i c i a l  compo- 

nent  i s  t h e   r e s i d u e   o f   t h e   p a r t i c l e s   i n j e c t e d  by t h e   S t a r f i s h   n u c l e a r  

explosion  of   July  1962.  A t  i n t e rmed ia t e  L va lues   ( f rom  1 .6   to   1 .8  

e a r t h   r a d i i ) ,   t h e   c h a r a c t e r i s t i c   v a r i a t i o n  i s  a s teady   so la r -cyc le-  

r e l a t e d   c h a n g e   i n   t h e   f l u x   o f   p a r t i c l e s   w i t h   e n e r g i e s  less than  500 

keV. T h i s   v a r i a t i o n  is cha rac t e r i zed   by   t he   so l a r   cyc le   pa rame te r s  

presented  by  Teague  and  Vette (1972A). A t  high L v a l u e s   ( g r e a t e r   t h a n  

1.8 e a r t h   r a d i i ) ,   t h e  dominant   temporal   var ia t ion f o r  E > 100 keV i s  

due t o  magnetic  storms. Compared t o   t h e   o u t e r  zone,  magnetic  storms 

o c c u r   i n   t h e   i n n e r  zone  with a r e l a t i v e l y  low frequency, and it is  
poss ib l e   t o   de t e rmine  a "quiet  day" f lux   l eve l   be tween  s torms   for  most 

energ ies .  The change i n   t h e   f l u x   l e v e l  a t  s torm time, however, i s  

su f f i c i en t ly   l a rge   fo r   magne t i c   s to rms   t o   be   t he   dominan t   f ac to r   i n  

determining  the model i n   t he   ou te r   edge   o f   t he   i nne r   r ad ia t ion   be l t .  

I t  i s  clear that   s torm-t ime  f lux  changes a t  high L and steady  changes 

tha t   occu r  a t  in te rmedia te  L va lues   have   the  same source  and are 
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separa ted   on ly  as a matter   of   convenience.   In   der iving AE-5 1975  Pro- 

j e c t e d  from AE-5 1967, e f f o r t s  were made t o   a c c o u n t   f o r   t h e   t h r e e  

t empora l   va r i a t ions   d i scussed   i n   t h i s   pa rag raph .  

An add i t iona l   f ac to r   conce rn ing   t he  O V 3 - 3  e lec t ron   spec t rometer  

d a t a  (Vampola 1969)   a f f ec t ed   t he   de r iva t ion   o f  AE-5 1975  Projected.  

The energy  ranges  covered  by  this  spectrometer are shown in   Tab le   6 .  

A t  t h e  time AE-5 1967 was gene ra t ed ,   t he   on ly   da t a  set  a v a i l a b l e   i n  

the   t ime  per iod  1966-67 f o r  L > 1 . 6   e a r t h   r a d i i  and E > 700 keV was 

equa to r i a l   pe rpend icu la r   f l ux  as a func t ion  of time a t  var ious  L values ,  

measured  by OV3-3. T h i s   d a t a   s e t  was supplied  by Vampola. A t  lower 

energies  and L va lues  a number o f   o t h e r   d a t a  sets were  avai lable  

(Teague  and Vet te  1972A). Subsequent t o   t h e   d e r i v a t i o n   o f  AE-5 1967, 

t he   e s t ima ted   va lues   o f   e f f i c i ency   o f   t he  OV3-3 spectrometer  were  in- 

creased by a f a c t o r   o f   f o u r  (Vampola 1 9 7 2 ) ,   w i t h   t h e   r e s u l t   t h a t   t h e  

f l u x   l e v e l s  were reduced  by  the same fac tor .   Consequent ly ,   the   f luxes  

given by AE-5 1967 f o r  L > 1 .6   ea r th   r ad i i   and  E > 700 keV must  be re- 

garded as high estimates. I n   t h e   d e r i v a t i o n  of AE-5 1975  Projected,   an 

attempt  was-made t o   a l l o w   f o r   t h e   c . o r r e c t i o n   i n   t h e   e s t i m a t e d   e f f i c i e n c y  

of   the  OV3-3 spectrometer.  The impor tance   o f   the   cor rec t ion   can   be  

assessed  from  Figures 20  and  21, i n  which   var ious   d i f fe ren t ia l   energy  

s p e c t r a   a r e  shown f o r  L values   of   1 .4  and   1 .8   ear th   rad i i ,   respec t ive ly .  

In   each  f igure,   the   "uncorrected" OV3-3 d a t a  are  t h o s e   d a t a   t h a t  were 

a v a i l a b l e  a t  t h e  time o f   t he   gene ra t ion  of AE-5 1967. The "corrected" 

OV3-3 d a t a   c o m p r i s e   t h e   l a t e s t  OV3-3 d a t a  set  a v a i l a b l e  a t  NSSDC. This  

d a t a  set was n o t   u s e d   f o r   t h e   g e n e r a t i o n   o f   e i t h e r  AE-5 1975  Projected 

o r  t h e   S t a r f i s h  model  (Teague  and Stassinopoulos  1972),  and i s  shown 

f o r  comparison  purposes  only. Comparing the  "corrected"  and  "uncor- 

rected" OV3-3 d a t a  sets i n   F i g u r e s  20  and  21, i t  can   be   s een   t ha t   t he  

two sets o f   d a t a   d i f f e r ,   i n   g e n e r a l ,   b y   l e s s   t h a n  a f a c t o r   o f   f o u r .  

The discrepancy i s  though t   t o   have   a r i s en  as a r e s u l t   o f   d i f f e r i n g  

a s sumpt ions   conce rn ing   t he   p i t ch -ang le   d i s t r ibu t ion   u sed   t o   no rma l i ze  
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t h e   d a t a   t o   t h e   e q u a t o r ,  and as a r e s u l t   o f   s c a t t e r i n g   o f   t h e   d a t a .  

F u r t h e r   d i s c u s s i o n   o f   t h e   c o r r e c t e d  OV3-3 d a t a  i s  g iven   i n   t he   fo l lowing  

sec t ion .  

In F igure  20,  AE-5 1967   fo r  E > 700 keV is s u b s t a n t i a l l y  a f i t  t o  

the   uncorrec ted  OV3-3 da ta ,   w i th  a decay   f ac to r   i nc luded   fo r   t he   d i f -  

ference of  epochs.  The fol lowing  procedure was adopted  for   determining 

model AE-5 1975  Projected  for   those  energies   and L va lues  (E > 700 keV, 

L < 1 . 6   e a r t h   r a d i i )   f o r  which AE-5 1967  contained a s i g n i f i c a n t   S t a r -  

f i s h   r e s i d u a l  flux. A "corrected" AE-5 1967  spectrum was obtained on 

t h e   b a s i s   o f  a compromise  between a small amount of  OGO 3 da ta   (F igure  

20) and the   uncorrec ted  OV3-3 da ta ,   d iv ided   by   fou r   t o   accoun t   fo r   t he  

eff ic iency  change.  The S t a r f i s h  model of  Teague  and  Stassinopoulos 

(1972),  which was n o t   a f f e c t e d   b y   t h e   e f f i c i e n c y   c h a n g e   i n   t h e  OV3-3 

spectrometer,  was then  used t o  remove t h e  a r t i f ic ia l  f lux  component. 

The b roken   l i ne  i n  Figure 20 i n d i c a t e s   t h e   r e s u l t s   o f   t h i s   p r o c e d u r e .  

Summations o f  t h e   s o l a r  minimum model  and of  t h e   S t a r f i s h  model f o r  

September  1966  indicate  reasonable  agreement  with  corrected OV3-3 

d a t a  from t h e  same time per iod .  

The above  procedure was u s e d   f o r  L < 1 . 6   e a r t h   r a d i i  and E > 700 

keV. I n   t h i s   r e g i o n ,  AE-5 1975  Projected i s  i n t e n d e d   t o  ref lect  t h e  

natural   electron  environment.   Teague and Stassinopoulos  (1972)  have 

shown t h a t   t h e  a r t i f i c i a l  S t a r f i s h   e l e c t r o n s  are l o n g e s t   l i v e d   i n   t h e  

inner  zone a t  L = 1 . 3  e a r t h   r a d i i  and  E=1.6 MeV, approximately,  and  reach 

the  natural   background  approximately 8 years  (July  1970) a f te r  S t a r f i s h  

i n j e c t i o n .   S i n c e   t h e   o n l y   d a t a   a v a i l a b l e   f o r  low L va lues  and high 

energ ies   conta in  a s i g n i f i c a n t  a r t i f i c i a l  component, e s t ima t ion  of  t h e  

s o l a r  minimum model i n   t h e s e   r e g i o n s  i s  an   inaccura te   p rocess .   This  is 

r e f l e c t e d   i n   t h e   c o n f i d e n c e  limits g iven   i n   Tab le  1. 
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In   F igure   21   for  L=1.8 e a r t h   r a d i i ,  i t  i s  c l e a r   t h a t   t h e  AE-5 1967 

spectrum fQr E > 700 keV is  a simple fit t o   t h e  OV3-3 uncorrec ted   da ta  

set .  For L > 1 . 8   e a r t h   r a d i i  a t  t hese   ene rg ie s ,  as noted a t  the  begin-  

n i n g   o f   t h i s   s e c t i o n ,   t h e  effects of  magnetic  storms become important.  

Teague  and Vet te  (1972B) showed t h a t   t h e   r a t i o  of average  s torm  f lux 

t o   q u i e t   d a y   f l u x   o v e r  an  18-month time p e r i o d   n e a r   s o l a r  maximum peaked 

i n   t h e   r e g i o n  o f  1 MeV. Th i s   r a t io   i nc reased   f rom  1 .2  a t  L=1.8 e a r t h  

r a d i i   t o  35 a t  L=2.4 e a r t h   r a d i i .  I t  has  not  been  possible,  however, 

t o  make meaningful estimates of how t h e s e   r a t i o s  may va ry   w i th   so l a r  

cycle ,   nor  i s  it known  how t h e   q u i e t  day f l u x   v a r i e s  a t  h igh   energ ies .  

Consequent ly   the  solar  m i m i m u m  model i n   t h e s e   r e g i o n s  was obtained  from 

AE-5 1967  by   cor rec t ing   for   the   change   in   the   e f f ic iency  of t h e  OV3-3 

spectrometer.   That i s ,  AE-5 1967 f o r  L - > 1.3 e a r t h   r a d i i  and E > 700 

keV was divided by f o u r   t o   o b t a i n  AE-5 1975  Projected,  which may be re- 

garded as a high estimate o f   t he   ave rage   s to rm  f lux  a t  s o l a r  minimum. 

For  energies E < 500 keV, t h e   i n n e r  zone e x h i b i t s  a s t eady   i nc rease  

i n   t h e   q u i e t   d a y   f l u x  from s o l a r  minimum t o   s o l a r  maximum. Teague  and 

Vette (1972A) have made a q u a n t i t a t i v e  estimate of  t h i s   s t e a d y   i n c r e a s e  

i n   f l u x  from  1964 t o  1967. 

The r a t i o  of t h e   f l u x   i n  l a t e  1967 t o   t h a t   i n  l a t e  1964 reaches 

a peak a t  L = 2 . 0   e a r t h   r a d i i ,  where it v a r i e s  from  2.8 f o r   p a r t i c l e s  

with  energies  between 36 keV and  133 keV, t o  22 f o r   p a r t i c l e s   w i t h  

energies  between 292 keV and  690 keV. In  terms o f   i n t eg ra l   ene rg ie s ,  

t h e   s o l a r - c y c l e   r a t i o s   v a r y  a t  L = 2 . 0   e a r t h   r a d i i  from  3.6 a t  40 keV 

t o  6.9 a t  250 keV. 

Assuming t h a t   t h e  1975 s o l a r  minimum f l u x  i s  similar t o   t h e  1964 

s o l a r  minimum, these   e s t ima tes  may b e   u s e d   t o   o b t a i n  AE-5 1967  from 

AE-5 1975  Projected.  This  procedure was adopted   for  a l l  L values  and 

energ ies  E < 250 keV. 
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Examples o f   t he   i nne r  zone r a d i a l   p r o f i l e s   f o r  Models AE-5 

1967  and AE-5 1975  Projected are shown i n   F i g u r e s  22 through 25 f o r  

40,  250,  and  500 keV, and 1 MeV. The p r o f i l e s  a t  t h e s e   e n e r g i e s   i l l u s -  

t r a t e  the   var ious   p rocedures   used   to   der ive  AE-5 1975  Projected.  

In   Figure 2 2 ,  t h e  two  models a t  40 keV are r e l a t e d  by t h e   s o l a r  

cycle   parameters   discussed  previously.   Magnet ic   s torm effects are 

observable  a t  40 keV, p a r t i c u l a r l y  a t  high L values ,   but   the   magni tude 

o f   t h e  effects i s  n o t   s u f f i c i e n t   t o  affect t h e  model s i g n i f i c a n t l y .  

A t  250 keV, storm effects become more i m p o r t a n t ,   b u t   t h e   e f f e c t  on t h e  

model remains  minor  even a t  high L va lues .  With the   except ion   of  a 

small S t a r f i s h  component f o r  L - < 1 . 6   e a r t h   r a d i i ,   t h e  two  model curves 

i n   F i g u r e  2 3  are r e l a t e d   b y   t h e   s o l a r   c y c l e   p a r a m e t e r s .  

A t  500 keV, t h e   s i t u a t i o n  becomes  more  complex (as shown i n   F i g u r e  

24)   because  of   an  increased  Starf ish component  and the   impact   o f   the  

OV3-3 da ta .  The s o l a r  minimum f l u x  a t  500 keV was primari ly   determined 

by  smoothing the  spectrum  between  higher  and  lower  energies  where  the 

s o l a r  minimum f l u x  was b e t t e r   d e f i n e d ;  however, some exp lana t ion   o f   t he  

differences  between  the two  models  should  be  given.  For L - < 1 . 6   e a r t h  

r a d i i ,  where a s i g n i f i c a n t   S t a r f i s h  component e x i s t e d ,  AE-5 1967 was 

determined as a compromise  between the   uncorrec ted  OV3-3 d a t a  and t h e  

OGO 3 d a t a .   C o r r e c t i n g   f o r   t h e  OV3-3 d a t a   y i e l d s   t h e   d o t t e d   c u r v e  shown 

i n   F i g u r e  24.  Using t h e   S t a r f i s h  model  of  Teague  and Stassinopoulos  

(1972), t h e  a r t i f i c i a l  f l u x  component  can  be  removed  and t h e   b r o k e n   l i n e  

i n   F i g u r e  24 may be  regarded as an estimate o f   t h e   n a t u r a l   s o l a r  maxi- 

m u m  f l u x  a t  500 keV. The so la r   cyc le   pa rame te r s   have   been   u sed   t o  

o b t a i n  AE-5 1975  Projected a t  L - < 2.0 e a r t h   r a d i i .  I t  should  be  noted 

t h a t  whenever the   so l a r   cyc le   pa rame te r s  were used   t o   de t e rmine   t he  

s o l a r  minimum condi t ion ,  a smoo th ing   o f   t he   r ad ia l   p ro f i l e s  was pe r -  

formed t o   o b t a i n   a n   a c c e p t a b l e  model. I n   g e n e r a l ,   t h i s  smoothing re- 

s u l t e d   i n  small changes i n   t h e   s o l a r  minimum f l u x .  However, more 

subs tan t ia l   (approximate ly  80 percent)   changes were n e c e s s a r y   i n   t h e  
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region  around L = 1 . 8   e a r t h   r a d i i  a t  500 keV. For L > 2 . 0   e a r t h   r a d i i  

a t  500 keV, magnet ic   s torm  effects  become s i g n i f i c a n t  and t h e   s o l a r  

minimum r a d i a l   p r o f i l e  i s  largely  determined  by  smoothing  with  other  

energies  and L values .  

For   higher   energies   such as 1 MeV, shown i n   F i g u r e  25, t h e   S t a r -  

f i s h  component i n  AE-5 1967 a t  low L va lues  becomes  more s i g n i f i c a n t  

(an   es t imated   90   percent   o f   the   to ta l  flux at L = 1 . 4   e a r t h   r a d i i ) .  

For L - < 1 . 7   e a r t h   r a d i i ,   t h e  same p r o c e d u r e   f o r   e s t i m a t i n g   t h e   s o l a r  

minimum f l u x  was adopted a t  t h i s   e n e r g y  as was used a t  500 keV, except 

t ha t   so l a r   pa rame te r s  were  not  used. However, t he   accu racy   o f   t he  

model i s  s ign i f i can t ly   r educed  a t  1 MeV because   o f   t he   l a rge   S t a r f i sh  

component i n  AE-5 1967. This  i s  r e f l e c t e d   i n   T a b l e  1. For L > 1.7  

e a r t h   r a d i i ,  AE-5 1967 was determined  on  the  basis  of  uncorrected 

OV3-3 da ta .  A s  n o t e d   e a r l i e r   i n   t h i s   s e c t i o n ,   t h e   s o l a r  minimum 

model was determined  simply  by  dividing  by  four.   This  procedure was 

adopted   for   euerg ies   up   to  3 MeV. Minor co r rec t ions  were made f o r  

smoothing. A t  4 MeV, co r rec t ion  was made f o r   t h e   S t a r f i s h  component 

only,   but  a t  t h i s   e n e r g y   t h e  model i s  most inaccura te ,  as ind ica t ed  

by  Table 1. 

A s  n o t e d   e a r l i e r ,   t h e   o u t e r  zone p o r t i o n   o f   t h e  model p r e s e n t e d   i n  

t h i s  document i s  s u b s t a n t i a l l y   t h e  same as t h e  AE-4 1964  model presented  

by Singley  and  Vette (1972A and B ) .  However, a c e r t a i n  amount of smooth- 

ing  has   been  performed,   par t icular ly  a t  the   inner   edge   of   the   ou ter  

zone at h i g h   e n e r g i e s ,   t o  make t h e   o u t e r  zone po r t ion  o f  t h e  model com- 

p a t i b l e   w i t h   t h e   i n n e r  zone po r t ion .  The in te r face   reg ion   be tween  the  

two p o r t i o n s   o f   t h e   s o l a r  minimum model i s  shown i n   F i g u r e s  26 and  27. 

The d o t t e d   l i n e   i n d i c a t e s   t h e   i n t e r p o l a t i o n   p e r f o r m e d   f o r   t h e   i n t e r -  

face region,   and  the  broken  l ines  show the   modi f ica t ion   tha t   has   been  

made t o  t h e   o u t e r  zone  model AE-4 1964. A minor amount of  smoothing 

has  been  performed on AE-4 1964 a t  h igher  L va lues   than   those  shown i n  
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Figures 26 and  27. This  was done t o  make t h e   a v e r a g e   d i f f e r e n t i a l  

spectrum  smooth.  In  no case was A€-4 1964  changed  by  more  than 30 

percent .  

Changes t o   t h e   r a d i a l   p r o f i l e s  and spec t ra   be tween  so la r  maximum 
and minimum have  been  discussed in   t he   p reced ing   pa rag raphs .  No modi- 

f ica t ion   has   been  made t o   t h e  B dependence o f  t h e   f l u x e s .  Models AE-5 
1967  and AE-5 1975  Pro jec ted   have   ident ica l  B dependences.  Teague  and 

Vette (1972B) showed t h a t   t h e r e  were small d i f f e r e n c e s  i n  t h e  B depen- 

dence of t h e  a r t i f ic ia l  and n a t u r a l   f l u x   d i s t r i b u t i o n s  a t  c e r t a i n  L 

va lues  and energ ies .  However, i n   t h e   r e g i o n s  where AE-5 1967  contains  

a l a r g e  a r t i f i c i a l  component, t h e  B dependence i s  not  well known, and 

no e f f o r t   h a s  been made t o   i n c l u d e  B dependence  variations.  
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5. COMPARISON OF THE PRESENT INNER ZONE ELECTRON MODELS WITH NEW DATA SETS 

I n   t h i s   s e c t i o n   t h e   i n n e r   z o n e   m o d e l s  AE-5 1967  and AE-5 1975 

Pro jec ted  are compared w i t h   d a t a   f r o m   t h e   f o l l o w i n g   s a t e l l i t e s :  OGO 

5 (West, e t  a l ,  1973),  O V 1 - 1 3  [Rothwell  1972), OS0 4 (Knox 1972), AZUR 

(Achtermann 1970), OV3-3 (Vampola 1969), OGO 3 (Pf i tzer  1968), Ex- 

p l o r e r  1 2  (Ackerson, e t  al, 1966)  and  Explorer 4 (McIlwain  1963,  Vette 

1966). The e l e c t r o n   d a t a  from OGO 5, OV1-13, OS0 4, and AZUR were n o t  

used i n   t h e  development  of AE-5 1967 o r  AE-5 1975  Projected  s ince  they 

have   on ly   recent ly  become ava i l ab le   t o   t he   Na t iona l   Space   Sc ience  Data 

Center (NSSDC). The OGO 5,   Explorer 1 2 ,  and  Explorer 4 data   have  pre-  

viously  been compared w i t h   t h e   S t a r f i s h  model of  Teague  and  Stassinopoulos 

(1972). A s  d i scussed   i n   t he   p rev ious   s ec t ion ,  some OV3-3  d a t a  were used 

i n   t h e  development  of AE-5 1967, bu t  a more  complete  and  more  correct 

d a t a  set  i s  presented   here .  The OGO 3 da ta   compr ised   the   p r ime  da ta  

set u s e d   f o r  AE-5 1967  and are presented  here   for   comparison  with  the 

new d a t a  sets. 

Informat ion   concern ing   the   type   o f   de tec tors  and t h e i r   e n e r g y  

ranges i s  p resen ted   i n   Tab le  3. T h i s   t a b l e  summarizes t h e   d a t a   a v a i l -  

a b l e   t o  NSSDC a t  t h e   p r e s e n t  time. Only a p o r t i o n  of t h e s e   d a t a   s e t s  

is  p r e s e n t e d   i n   t h i s  document. Some a n a l y s i s   o f   t h e   d a t a  sets and 

expe r imen t s   l i s t ed   i n   Tab le  3 has  been  performed a t  NSSDC. The Cali- 

bra t ion   parameters   used   for   the  OGO 3 e lec t ron   spec t rometer  are those  

presented  by  Teague  (1970). The e f f i c i e n c i e s  and  energy  ranges  of 

each  channel   dif fer   f rom  those  presented  by P f i t z e r  (1968). The 

r e s u l t i n g   f l u x e s   p r e s e n t e d   h e r e  (and those   used   for   de te rmining  AE-5 

1967) are lower  than  those  given by P f i t z e r   b y  a fac tor   o f   approximate ly  

two i n  Channel 1 and  by  25 t o  30 p e r c e n t   i n   t h e   h i g h e r   c h a n n e l s .  The 

OV3-3  d a t a  s e t  has   been   de te rmined   us ing   the   ca l ibra t ion   parameters  

given  by Vampola (1969) a f te r  c o r r e c t i o n   f o r   t h e   f a c t o r - o f - f o u r  

e f f ic iency   change  (Vampola 1972).   Correction  has  been made f o r  t h e  

v a r i a t i o n   o f   l o c a l   p i t c h   a n g l e   w i t h  time over   the  spectrometer   cycle  
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time. T h i s  c o r r e c t i o n   r e s u l t e d   i n  a m a x i m u m  change  of  10  percent i n  
the   f l ux   obse rved  a t  any   g iven   equator ia l   p i tch   angle .   Analys is   o f  

t h e  OV1-13 and AZUR d a t a  sets i s  i n   p r o g r e s s ,  and the   da t a   p re sen ted  

he re  are p rov i s iona l .   Da ta   a t   h ighe r   ene rg ie s   t han   t hose   i nd ica t ed  

in   Table  3 are ava i lab le   f rom  the  O V 1 - 1 3  de t ec to r .   These   da t a   a r e  

n o t  shown a t  t h e   p r e s e n t  time because  of   problems  with  the  cal ibrat ion 

parameters .   Similar ly ,  AZUR d a t a   a r e   a v a i l a b l e   f o r  4.5-MeV e l e c t r o n s  

but  are not   displayed  because  of   cal ibrat ion  problems.   In   addi t ion,  

no e f for t   has   been  made t o  remove t h e  20-MeV pro ton   cont r ibu t ion  from 

t h e  1.5-MeV e lec t ron   f lux   measured   by  AZUR, owing a g a i n   t o   c a l i b r a t i o n  

problems.  These  data are presented  as upper limits o f   t h e   e l e c t r o n  

f lux   on ly .  

The d a t a  sets d i s c u s s e d   i n   t h e   p r e v i o u s   p a r a g r a p h s  are compared 

with  models AE-5 1967  and AE-5 1975  Pro jec ted   in   F igures  28 through 

50. Figures  28 through 34 show examples   o f   d i f f e ren t i a l   f l ux   equa to r -  

i a l  p i t c h   a n g l e   d i s t r i b u t i o n s   f o r  L - < 1 . 8   e a r t h   r a d i i ,   a s  measured  by 

OGO 5, OS0 4, OV1-13, OV3-3, and OGO 3.  Examples o f   equa to r i a l   spec t r a  

are shown i n   F i g u r e s  35 through 38 f o r  L - < 1 . 8   e a r t h   r a d i i .   F o r   t h e s e  

L va lues ,   magnet ic   s torm  e f fec ts  are r e l a t ive ly   un impor t an t ,  and a 

good comparison  between t h e  model  and the   da t a   can   be   an t i c ipa t ed .  A t  

h igher  L values ,   s torm effects are dominant. However, t h e  model es t i -  

mates an  average  s torm  condi t ion,   wi th   the  resul t   that   comparison o f  

d a t a  and  model i s  q u a l i t a t i v e   o n l y .  Examples o f   t h e   e q u a t o r i a l   p i t c h  

a n g l e   d i s t r i b u t i o n s  a t  these   h ighe r  L va lues  are shown i n   F i g u r e s  39 

through 46 f o r   d a t a  from OGO 5, OV1-13,  OV3-3, and OGO 3. In   F igures  

47 through  49,  examples of t h e  B dependence of t h e   o m n i d i r e c t i o n a l   f l u x  

by AZUR a r e  shown f o r   v a r i o u s  L va lues .   F igure  50 i l l u s t r a t e s   t h e  

r a d i a l   p r o f i l e s  measured  by  Explorers 4 and 12. 

In   gene ra l ,  where  comparison  can  be made, t h e   d a t a  from t h e  OGO 3, 

OV3-3, OV1-13, and OGO 5 experiments show substant ia l   agreement .  
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However, t h e r e  are a number of  areas where c o n f l i c t  i s  apparent ,   no tab ly  

f o r   t h e  low-energy OV3-3 da ta .   This  may be  seen  from  Figure 30  and 

Figures  35 through 38. I n   t h e  l a t t e r  se t  o f  figures, e a c h   d a t a   p o i n t  

has  been  normalized t o  t h e   e q u a t o r ,  where p o s s i b l e ,  by u s i n g   t h e   p i t c h  

a n g l e   d i s t r i b u t i o n   g i v e n   b y   t h a t   d a t a  se t .  I n  some cases, notab ly  

w i t h   t h e  OGO 3 da ta ,   t he  model p i tch   angle   d i s t r ibu t lon   has   been   used .  

With t h e   e x c e p t i o n   o f   t h e  two highest   energy  channels  of  t h e  OGO 3 

d e t e c t o r  and the   h ighes t   ene rgy   channe l   o f   t he  OGO 5 d e t e c t o r ,   t h e  

p i t c h   a n g l e   c o v e r a g e   i n   t h e   r e g i o n  of t he   equa to r  i s  good,  and t h e  

s t anda rd   dev ia t ion   o f   t he   equa to r i a l   va lues  i s  less than  a f a c t o r   o f  

two. For   the  except ions,  a s t anda rd   dev ia t ion  of a f a c t o r  of t h r e e  

may be   appropr ia te .  I t  i s  clear from  Figure  30  and  Figures  35  through 

38 t h a t   t h e   f l u x e s  from channels 8 and 9 (Table  3) are low i n   r e l a t i o n  

t o   t h e   o t h e r   d a t a  sets. F u r t h e r ,   t h e   a v e r a g e   d i f f e r e n t i a l   f l u x  mea- 

sured  by  channel 8 (475 keV) is lower  than  that   measured  by  channel  7 

(approximately 250 keV h ighe r ) ,  when i n  a l l  o t h e r  cases the  spectrum 

is  monotonic a t  these   ene rg ie s .   A l so ,   i n   F igu re  30 s u b s t a n t i a l   d i f -  

f e r e n c e s   i n   t h e   e q u a t o r i a l   p i t c h   a n g l e   d i s t r i b u t i o n   o b s e r v e d   i n  Channel 

8 o f   t he  OV3-3 d e t e c t o r  and o t h e r  sa te l l i t es  i s  ev ident .  OV3-3 in -  

d i c a t e s   a n   i s o t r o p i c   d i s t r i b u t i o n   f o r  a0 - > 50 degrees  approximately,  

whereas OGO 5, OV1-13, and OGO 3 show a clear d e c r e a s e   i n   f l u x   f o r  

a0 < 65 degrees  approximately.   In  the  region  of  the  cutoff,   however,  

substant ia l   agreement   can  be  seen among a l l  d a t a   s e t s .   S i m i l a r   o b s e r -  

va t ions  may be made for   both  Channels  8 and 9 when L - < 1 . 8   e a r t h   r a d i i .  

A t  h igh  L values,  however,  such as t h a t  shown i n   F i g u r e  41, t h e   p i t c h  

angle  coverage is such   t ha t   equa to r i a l   obse rva t ions  are n o t  made. Since 

d a t a  from channels 8 and 9 were used t o   g e n e r a t e  AE-5 1967, some d i s -  

cussion of the  impact  upon t h i s  model i s  i n   o r d e r .  

R e f e r r i n g   t o   F i g u r e  30, it c a n   b e   s e e n   t h a t  model AE-5 f o r  epoch 

1967 i s  in   subs t an t i a l   ag reemen t   w i th   t he  OGO 3 d a t a  fir l a t e  1967. 

In   general ,  AE-5 f o r   t h i s  epoch was a f i t  t o  t h e  OGO 3 d a t a  and was 
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not   in f luenced  by OV3-3 da ta .  A s  a r e su l t   t he   accu racy   o f  AE-5 1967 

a t  low energ ies  (E < 500 keV) was not  compromised. However, da ta   t aken  

a t  ear l ier  epochs,  such as mid-1966 shown i n   F i g u r e  30,  were  used i n  

the   de t e rmina t ion   o f   t he   so l a r   cyc le   pa rame te r s  and t h e   S t a r f i s h  model. 

The S t a r f i s h  model presented  by  Teague  and  Stassinopoulos  (1972)  and 

used   fo r   t he   gene ra t ion   o f  AE-5 1975  Projected  has   been  corrected  for  

t hese  effects. In  Figure  30,  AE-5 1967,  back-dated t o   J u n e  1966  by 

u s i n g   t h e   S t a r f i s h  model  and the   so l a r   cyc le   pa rame te r s ,  shows  good 

agreement  with OGO 3 da ta   ob ta ined  a t  t h e  same t ime   pe r iod .   Th i s   r e su l t s  

from t h e  fac t  t h a t   t h e   u n c o r r e c t e d  OV3-3 d a t a   a v a i l a b l e  a t  t h e  time 

AE-5 1967 was generated were a f a c t o r  o f  four   h igher  a t  t he   equa to r  

t han   t he  OV3-3 d a t a  shown in   F igu re   30 ,  and  apparently showed  good 

agreement  with  the OGO 3 da ta .  

The conclusions  concerning  the  low-energy O V 3 - 3  d a t a  are t h a t  chan- 

n e l s  8 and 9 a re   appa ren t ly  anomalous,  both i n  terms of  t h e   e q u a t o r i a l  

va lue   and   t he   p i t ch   ang le   d i s t r ibu t ion ,   fo r   r ea sons   t ha t  are p r e s e n t l y  

not   understood.  However, the   accuracy   of  AE-5 1967 a t  low energ ies  

i s  n o t  compromised, s i n c e   t h i s  model gene ra l ly   f avored   t he  OGO 3 d a t a  

tha t   subsequent ly  showed  good agreement  with OGO 5 and OV1-13 da ta .  

The high-energy OV3-3  data  (Channels 1 through 7 in   Tab le   6 )  gen- 

e r a l l y  show reasonable   agreement   wi th   o ther   da ta   se t s .   This  may be  seen 

f o r   F i g u r e s  29,  34,  and  35  through  38. A t  low L va lues  where t h e   f l u x  

i s  inf luenced by S t a r f i s h   e l e c t r o n s ,  good  agreement  can  be  seen  between 

t h e  OGO 3 and OV3-3 da ta   (F igures  35 and  36). A t  h igher  L values  

(Figures 37 and 38 ) ,   t he re  i s  reasonable  agreement among t h e  OV1-13, 

OGO 5,  and OV3-3 da ta ,   excep t   fo r  E > 1 MeV a t  L = 1.6 e a r t h   r a d i i ,  

where a decay ing   S t a r f i sh  component i s  p r e s e n t   i n  l a t e  1966.  In  Figure 

34 t h e   p i t c h   a n g l e   d i s t r i b u t i o n s   o b s e r v e d   b y  OV1-13 and OV3-3 are seen 
t o   b e   v e r y  similar. In  Figure  29,  however, some 

t h e  OV1-13 and OV3-3 e q u a t o r i a l   f l u x   c a n   b e   s e e n  

differences  between 

f o r   e l e c t r o n s   w i t h  
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energ ies   in   the   ne ighborhood  of  700 keV. The OV3-3 d a t a   f o r   t h e  ear l ie r  

epoch are  b e l i e v e d   t o   c o n t a i n  a small S t a r f i s h  component, so  t h e   d i f -  

ferences  between  the two d a t a  sets may be  explained  by a s o l a r   c y c l e  

effect  occurr ing  after t h e  a r t i f ic ia l  component decayed.  This  supposed 

s o l a r   c y c l e  effect  is not  observed a t  t h e  same energy at L = 1 . 8   e a r t h  

r ad i i   (F igu re   34 ) ,  however. 

The OGO 5, O V 1 - 1 3 ,  and OGO 3 d a t a  may be  compared i n   F i g u r e s  30, 

32,  and 35 through  38. The exper imenter ' s   ca l ibra t ion   parameters   have  

been  used f o r  OGO 5 and OVI-13, and  no  assessment  of  these  parameters 

has  been made by NSSDC. For   the OGO 3 spectrometer,   however,   the cal- 

ib ra t ion   va lues   g iven  by  Teague  (1970)  have  been  used.  Differences 

between these   va lues  and  those  given  by  Pf i tzer  (1968) r e s u l t   i n   d i f f e r -  

ences   of  a f a c t o r   o f  two i n   t h e   f l u x  a t  low energ ies  and d i f f e rences  

of  a s m a l l e r   f a c t o r  a t  h igh   energ ies .  For E - < 400 keV, t h e  OGO 5 d a t a  

tends t o  be h ighe r   t han   t he  OGO 3 data .   This   tendency may be  observed 

i n   F i g u r e  30  and Figures  35 through 38. A t  L = 1 . 4   e a r t h   r a d i i ,   t h e  

d i f f e r e n c e  i s  as h igh  as a f a c t o r   o f  two.* For  ene rg ie s   i n   t he   ne igh -  

borhood  of  550 keV, t h e  OGO 5 d a t a  i s  s l l g h t l y   h i g h e r   t h a n   t h e  OV1-13 

da ta   (F igures  35 through  38),  and i n  most cases s l i g h t l y   h i g h e r   t h a n  

t h e  OGO 3 da ta .  Again, i n   t h e   r e g i o n   o f  900 keV, t h e  OGO 5 d a t a  i s  
h ighe r   t han   t he  OV1-13 data   by a small amount. 

* In   t he   cour se  of review  of  the  document, it was poin ted   ou t  by Dr. H. 
West tha t   the   apparent   d i f fe rences   be tween  the  OGO 3 and OGO 5 low- 
ene rgy   f l uxes   sugges t   t ha t   P f i t ze r ' s   ca l ib ra t ion   va lues  f o r  the   lowes t  
energy  channels may be more a p p r o p r i a t e   t h a n   t h o s e   u s e d   i n   t h i s  docu- 
ment. A t  some L va lues  (L = 1 . 4   e a r t h   r a d i i ,   f o r  example, i n   F i g u r e  36) 
the   u se   o f   P f i t ze r ' s   l ow-ene rgy   ca l ib ra t ion   va lue  would  improve t h e  
agreement  between t h e  two d a t a  sets. I n   o t h e r  cases, however,  such as 
L = 1.6 o r  1 . 8   e a r t h   r a d i i   ( F i g u r e s  37  and  38), t h i s  is n o t   t h e  case. 
I t  should   be   s ta ted   tha t   wi th   e lec t ron   model ing ,  it has  general ly   been 
the   expe r i ence   o f   t he   au tho r s   t ha t   ag reemen t   w i th in  a f a c t o r   o f  two be- 
tween two g iven   da t a  sets is  the   bes t   t ha t   can   be   expec ted .  
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Pi tch   angle   d i s t r ibu t ions   observed   by  OGO 3, OGO 5, OV3-3, and 

OV1-13 a t  L = 2.0  and  2.4 e a r t h   r a d i i  are shown i n   F i g u r e s  39 through 

46. A t  t h e s e  L values   the  comparison  between  var ious  data  sets must 

t ake   i n to   accoun t   t he   deg ree   o f   magne t i c   ac t iv i ty   fo r  E > 100 keV, 

approximately,   and  these  f igures are in t ended   t o   g ive   an   i nd ica t ion   o f  

t he   va r i ab i l i t y   o f   t he   abso lu t e - f lux   l eve l s   w i th   magne t i c   ac t iv i ty .  

Although t h e   d a t a  shown he re   fo r   magne t i ca l ly   ac t ive   pe r iods   have  poor 

equa to r i a l   p i t ch   ang le   cove rage ,   i n   gene ra l   t he   shape   o f   t he   p i t ch  

angle  dependences i n   t h i s   r e g i o n   o f   s p a c e  are  not   s t rongly   energy  

dependent   and,   with  the  except ion  of   the f irst  few days  following a 

major   event ,   th is   shape i s  g i v e n   b y   t h a t   f o r   e n e r g i e s  E < 100 keV. In  

Figures  39 through  46,  data are shown f o r   p e r i o d s   b e f o r e   a n d   a f t e r   t h e  

September  1966  magnetic  storm  (peak lDst I = 229  on day  247,  1966)  and 

before  and a f t e r  the  June  1968  storm  (peak I D s t l  = 94  on  day  163,  1968). 

In  the  neighborhoods  of 80 keV and  158 keV, no storm effects are evident  

from t h e  OGO 5 da ta   (F igures  39 and  40). A t  E ," 280 keV, c lear   s torm 

effects a re   ev iden t   i n   bo th   t he  OGO 5 d a t a  (shown f o r  times before  and 

a f te r  t h e  1968  event)  and  the O V 3 - 3  d a t a  (shown f o r  two per iods  a f te r  t h e  

1966 event).  Storm effects became most  pronounced  between  the  energy 

l e v e l s   o f  500 keV and 900 keV, shown i n   F i g u r e s  42 through 44. In   t hese  

p l o t s  OGO 5 and OV1-13 d a t a  may be compared f o r   t h e   r e l a t i v e l y   q u i e t  

period  before  the  June  1968  event,   and  these  data may be compared wi th  

OV3-3 and OGO 3 d a t a  from r e l a t i v e l y   q u i e t   p e r i o d s   i n  1966. I t  should 

be no ted   t ha t  some o f   t h e  OGO 5 d a t a  shown i n   t h e s e   f i g u r e s  were  taken 

30 days a f t e r  the   mi ld   even t   occu r r ing   i n   Feb rua ry  1968  (peak l D s t  I = 

1 2 3  on  day  42).  These  data show no  enhancement  over t h e   g e n e r a l   q u i e t  

background,  while  ten  days after the   June   even t ,  however,  considerable 

enhancement i s  ev iden t .   These   obse rva t ions   i nd ica t e   t ha t  a r a p i d  (less 

than  30 days)   deple t ion   of   s torm- t ime  f lux  can occur a t  t h e s e  L va lues .  

Markedly  longer  depletion times  are ev ident  at lower L va lues .   In  

Figures  42 through 44, fa i r  agreement may be  observed  between  the  var- 

ious   qu ie t - t ime  da ta  sets, b u t  some sp read   o f   t he   da t a   r e su l t i ng   f rom 
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varying  degrees  of m a g n e t i c   a c t i v i t y  is ev iden t .   I n   F igu re  45 t h e  

1.22-MeV  OV3-3 d a t a  are shown a t  L = 2 . 0   e a r t h   r a d i i   f o r  two epochs 

fol lowing  the  1966  event .   Magnet ic   s torm effects are ev ident .  How- 

ever ,  a t  1.76 MeV, shown i n   F i g u r e  46, l i t t l e  o r  no  storm effects can 

be   seen ,   ind ica t ing   the   reduced  affect  of  storms a t  very   h igh   energ ies .  

This  has  been  noted  previously  by  Teague  and Vette (1972B), who re- 

ported a peak  storm  effect a t  E 900 keV. 

In  comparing  the new d a t a  sets presented  here   with  the  models ,  

it should  be  noted  that   the   epochs  of   most   of   the   data  are  comparable 

w i t h   t h a t   o f  AE-5 1967. A s  a resu l t ,  the  confidence  codes  for  AE-5 

1967 are mod i f i ed ,   and   t hese   i n   t u rn  affect  t h e   p r o j e c t e d  model 

AE-5 1975. The atmospheric   cutoff   region  of  AE-5 f o r  L - < 1 .8   ea r th  

r a d i i  i s  confirmed  by  the OS0 4 data   (F igures  28 through  34).   In  most 

cases new d a t a  from o t h e r  sa te l l i tes  are a v a i l a b l e   f o r  comparison i n  

t h i s   r e g i o n ,  and t h e s e  are i n  general   agreement   with  the model cu to f f .  

A poss ib le   except ion  i s  L = 1 . 7   e a r t h   r a d i i ,  shown i n   F i g u r e s  32  and 

33,  where t h e   e q u a t o r i a l   p i t c h   a n g l e  of t h e  model c u t o f f  i s  apparent ly  

too  high.   This  effect  i s  more pronounced a t  t h e  low energ ies ,  shown 

i n   F i g u r e  32, t h a n  a t  the   h ighe r   ene rg ie s ,  shown i n   F i g u r e  33. A t  

h igher  L va lues  (L > 1 . 9   e a r t h   r a d i i ) ,  no new d a t a  are a v a i l a b l e   i n   t h e  

cu tof f   reg ion ,   and   the  model cutoff  cannot  be  confirmed. 

For  energies less than  500 keV, AE-5 1967 was primari ly   determined 

from t h e  OGO 3 da t a .  The equa to r i a l   f l ux   g iven   by  AE-5 1967 is  

t h e r e f o r e   s e e n   t o   b e   s l i g h t l y   l o w e r   t h a n   t h e  OGO 5 d a t a  a t  most L 

values .  The p o s s i b l e   r e a s o n s   f o r   t h e  small d i f fe rences   be tween  the  

OGO 3 and OGO 5 data   have  been  discussed  previously.  A t  h igh  L va lues  

(L > 2 e a r t h   r a d i i ) ,   t h e  OGO 3 data   provided  poor   pi tch  angle   coverage.  

In   Figure 39 i t  c a n   b e   s e e n   t h a t   t h e  model p i t c h   a n g l e   d i s t r i b u t i o n  

a t  L = 2 . 4   e a r t h   r a d i i   u n d e r e s t i m a t e s   t h e   e q u a t o r i a l   f l u x  a t  80 keV. 

A t  a s l i g h t l y   h i g h e r   e n e r g y  a t  t h e  same L va lue  (Figure 40),  however, 

t h e  model p i t c h   a n g l e   d i s t r i b u t i o n  shows  good  agreement wi th   t he   da t a .  
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A t  most  energies  and L v a l u e s   t h e   s h a p e   o f   t h e   p i t c h   a n g l e   d i s t r i -  

bution  given  by AE-5 1967  agrees  very well w i th   t ha t   g iven   by   t he  

new d a t a  sets. Th i s   p i t ch   ang le   d i s t r ibu t ion  i s  unchanged f o r  

AE-5 1975  Projected.  

Some d e f i c i e n c i e s  may be   p re sen t   i n   t he   equa to r i a l   f l uxes   g iven  

by AE-5 1967 f o r  ene rg ie s   g rea t e r   t han  700 keV, l a r g e l y  as a r e s u l t   o f  

t h e  use o f  uncorrected OV3-3 d a t a   i n   d e t e r m i n i n g   t h i s  model.  The 

differences  between  the model  and t h e   d a t a  a t  high  energies  may be 

observed  in  Figures  29,   31,  and  33  through  38.  In  each  case, AE-5 

1967 i s  too  high  by a f a c t o r  between 1 . 2  and  4.  This model must  be 

regarded as a high estimate o f   t h e  1967 f l u x   f o r   e n e r g i e s   g r e a t e r   t h a n  

700 keV, as no ted   i n   t he   p rev ious   s ec t ion .  A change i n   t h e  OV3-3 

spec t rometer   e f f ic iency  by a f a c t o r  o f  four   has   been   incorpora ted   in to  

AE-5 1975. 

In   F igures  35 through 37, t h e   S t a r f i s h  model of  Teague  and 

Stassinopoulos  has  been  used  with AE-5 1975   P ro jec t ed   t o   ob ta in   t he  

high-energy model f l u x   f o r   t h e  two  epochs  September  1966  and March 1968. 

The model and the   da t a   ag ree   w i th in  a f ac to r   o f  two a t  these  epochs.  

For L = 1 . 8   e a r t h   r a d i i ,  shown i n   F i g u r e  38, good agreement i s  seen 

between the  high-energy AE-5 1975  Projected  spectrum  and  the OV1-13 

and cor rec ted  OV3-3 da ta .  

For the   h igh  L values ,  shown in   F igures   41   th rough 46,  magnetic 

storm effects dominate. The model r ep resen t s  an  average  storm  flux. 

A s  a resul t ,   the   level   of   agreement   between model  and d a t a  i s  dependent 

upon the   degree   o f   magnet ic   ac t iv i ty .   In   the   course   o f   deve loping  

AE-5 1967,   an  es t imate   of   the   quiet-day  f lux a t  high L va lues  was made. 

This estimate was based upon uncorrected OV3-3 d a t a   f o r   e n e r g i e s   g r e a t e r  

than  500 keV. C o r r e c t i n g   f o r   t h e   e f f i c i e n c y   c h a n g e s   i n   t h e  OV3-3 spec- 

t rometer   (a   fac tor   o f   four ) ,   the   qu ie t -day   f lux   es t imates  shown i n   F i g u r e s  
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42 through  44 were obtained.  I t  can   be   seen   tha t   these  estimates l i e  

below the  quiet- t ime  data   by a f a c t o r   o f  two t o   t h r e e .   I n   g e n e r a l ,   t h e  

magne t i ca l ly   d i s t r ibu ted   da t a  shown i n   F i g u r e s  41  through 46 are i n  

t h e   r e g i o n   o f   t h e  AE-5 1967 model curve,  and i t  would seem l i k e l y   t h a t  

t h i s  model i s  a h i g h   e s t i m a t e   o f   t h e   a v e r a g e   s t o r m   f l u x   i n  1967. 

A comparison i s  made between  the AE-5 models  and t h e  AZUR 1.5-MeV 

d a t a  i n  Figures  47 through 49. The B dependences  of  the  omnidirectional 

f l u x   a r e  shown f o r  L = 1.8, 2 .0 ,   and   2 .4   ear th   rad i i .  As i nd ica t ed  by 

Table 3,  t h e  AZUR de tec tor   a l so   measured  20-MeV protons.   Protons  have 

not  been removed  from t h e   d a t a  shown i n   t h e s e   f i g u r e s   b e c a u s e   o f  

uncer ta in t ies   wi th   p ro ton   count ing   e f f ic iency;  it i s  e s t ima ted   t ha t  as 

much as 60  percent  of  the  observed  counts may be  due t o   p r o t o n s .  In 
view  of   the  probable   proton  contr ibut ion,   the .agreement   between  the AZUR 

d a t a  and t h e  models i s  cons ide red   t o   be  good. However, t he   da t a   do  

i n d i c a t e  a s l i g h t l y   f l a t t e r  B dependence  than  that   given  by  the  model,  

p a r t i c u l a r l y  a t  L = 2.4 e a r t h   r a d i i .  

The on ly   ava i l ab le  estimate of t h e   n a t u r a l   e l e c t r o n   p o p u l a t i o n   o f  

the   inner   zone   before   the  a r t i f ic ia l  in j ec t ion   even t   o f  1962  has  been 

provided by the   Explorer  4 and  Explorer  12 satel l i tes .  A s  i nd ica t ed  by 

Table  3,   both  detectors were s e n s i t i v e   t o   p r o t o n s  and e l e c t r o n s .  A t  

t h e  time the   Explorer  4 measurements were made, it was assumed t h a t   t h e  

t o t a l   i n n e r  zone  counting ra te  came from ene rge t i c   p ro tons  (McIlwain, 

1963). An upper limit t o   t h e   e l e c t r o n   f l u x  i s  obtained  by  assuming 

a l l  counts  came from e l e c t r o n s ,  as Ackerson  and  Frank  (1966)  have  done 

f o r  the   Explorer  1 2  i n n e r  zone  measurements.  These  upper limit r a d i a l  

p r o f i l e s   f o r  1.6-MeV and 2-MeV e l e c t r o n s  are shown i n   F i g u r e  50. How- 

ever ,  it is  e s t ima ted   t ha t  a t  least  50 percent   of   the   observed  count  

ra te  i s  due to   p ro tons .   For  L > 1 . 4   e a r t h   r a d i i ,   t h e   E x p l o r e r  4 d a t a  

have  been  extrapolated  to   the  equator ,   us ing  the B dependence  of  the 

proton model (Vette  1966).  For L > 1 . 6   e a r t h   r a d i i ,   t h e   E x p l o r e r  1 2  

da ta   have   been   ex t rapola ted   to   the   equator .  
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The equator ia l   values   presented  by  Ackerson  and  Frank (1966) a r e  

shown i n   F i g u r e  50; i t  is es t ima ted   t ha t   t hese   equa to r i a l   va lues  are 

a c c u r a t e   t o   w i t h i n  50 percent .  The 1.5-MeV AZUR d a t a  are  shown f o r   a n  

epoch o f  December 1969. With the   poss ib l e   excep t ion   o f  L = 1.3 and 

1 . 4   e a r t h   r a d i i ,  where a small a r t i f ic ia l  f l u x  component may remain, 

t h e  AZUR da ta   a re   cons idered   to   be   an   upper  estimate of t h e   n a t u r a l  

e l e c t r o n   f l u x  a t  1 .5  MeV. The agreement  between t h e  AZUR and  Explorer 

1 2  da t a   w i th  similar e l e c t r o n  and p ro ton   t h re sho lds  is reasonable .  

Model AE-5 1975  Projected shows reasonable  agreement  with  the  data a t  

1 .6  MeV. A t  low L va lues   the   Explorer   12   da ta   appear   h igher   than   the  

model. A l a rge   p ro ton   con t r ibu t ion  i s  e x p e c t e d   i n   t h i s   r e g i o n .  A t  

h igh L values   the  Explorer  1 2  da ta   a l so   appear   h igher   than   the  model. 

I t  i s  p o s s i b l e ,   t h e r e f o r e ,   t h a t   t h e s e   d a t a  are a f f e c t e d  by t h e   l a r g e  

magnetic  storm  event  of  July  1961  (peak IDstl =144  on  day 208, 1961). 

A t  2 MeV, model AE-5 1975  Projected  appears   higher   than  the  data  a t  
most L v a l u e s ,   p a r t i c u l a r l y  when it i s  cons ide red   t ha t   t he   da t a   con ta in  

a s ign i f i can t   p ro ton   con t r ibu t ion .   The re  i s  some doubt,  however,  about 

the   e lec t ron   energy   th reshold  of  the   Explorer  4 de t ec to r ,  and t h e r e f o r e  

t h e  2-MeV value  quoted may be  regarded as a minimum energy  threshold.  

In  conclusion, it should   be   s ta ted   tha t   the   bes t   accuracy   tha t   can  

be  expected f o r  an   e lec t ron  model i s  a f a c t o r   o f  two.  Consequently, 

d i f fe rences   o f  less t h a n   t h i s   f a c t o r  between  model  and d a t a  set o r  

between d a t a   s e t  and d a t a  set  can be regarded as r e l a t i v e l y  unimpor- 

t a n t  from a modeling  point  of  view.  Thus, i n  most cases, the   agree-  

ment between t h e   v a r i o u s   d a t a  sets presented,  and  that  between model 

AE-5 1967  and t h e   d a t a  sets, i s  regarded as good. The two except ions 

are: (1) t h e  two low-energy  channels  of  the OV3-3 de tec to r ,  which 

seem anomalously low i n  r e l a t i o n   t o   t h e   o t h e r   d a t a  sets, and (2)  t h e  

high-energy (E > 700 keV) p o r t i o n   o f  AE-5 1967,  which i s  h igher  by a 
f a c t o r  o f  t h r e e   t o  fou r  t han   t he   co r rec t ed  OV3-3 d a t a  set .  In   respec t  

t o   t h e  last  item, it should  be  noted  that   the  confidence  code  quoted by 
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Teague  and Yette C1972A) for   the   h igh-energy  AE-5 1967  spectrum 

denoted  accuracy  within a f a c t o r   o f   t h r e e  o r  fou r .  

The r e s u l t s  of the  comparison  between  the new d a t a   s e t s  and t h e  

s o l a r  maximum model AE-5 1967  have  been  used t o   r e e v a l u a t e   t h e  con- 

fidence  codes  presented  by  Teague  and Vette (1972A). The new codes 

are shown i n   T a b l e  2 .  These d i f f e r  from those   p resented   prev ious ly ,  

p r imar i ly  as a r e s u l t  o f  t h e   g e n e r a l  good agreement  between AE-5 1967 

and t h e  new d a t a  f o r  L values  between 1.3 and   1 .9 ,   for  E < 700 keV. 

The B dependence  of  the model a t  h igh   ene rg ie s  (E > 700 keV) has  been 

confirmed,  but no improvement i n   t h e   c o n f i d e n c e   c o d e   r e s u l t s   b e c a u s e  o f  

t h e   c o r r e c t i o n   t o   t h e  OV3-3 spec t rometer   e f f ic iency .   S imi la r ly ,   the  

B dependence of  t h e  model a t  low energies   and  high L va lues  (L > 2 

ea r th   r ad i i )   has   been   conf i rmed   i n  some cases, b u t   i n   o t h e r s  minor 

d i f fe rences   be tween  the  model and d a t a  are observed,  and no change i n  

the  confidence  code i s  given.   Confidence  codes  have  been  es t imated  for  

AE-5 1975 Pro jec ted  and are shown i n   T a b l e  1. The same scale of 1 t o  

10 i s  adopted,   a l though  the  highest   confidence  code  that   occurs  i s  8.  
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APPENDIX A 

MODEL FORMS AVAILABLE TO USERS 

The fol lowing  forms  of   model-related  information are a v a i l a b l e  from 

the  National  Space  Science Data Center.  

Documents : 

1. AE-4 o u t e r  zone e l e c t r o n  model documentation.  Singley and 

Vette 1972 A and B. 

2.  AE-5 s o l a r  maximum i n n e r  zone e l e c t r o n  model documentation. 

Teague  and Vette 1972 A and B. 

3. S t a r f i s h   E l e c t r o n  Model.  Teague  and Stassinopoulos  1972. 

4.  Comparison o f   t h e  new genera t ion  of electron  models,  AE-4 and 

AE-5, with  the  old  e lectron  models ,  AE-2 and AE-3. H i l b e r g ,   e t  a l ,  

1974. 

Commter  Programs: 

1. Program MODEL, Version  2.0. BCD and EBCDIC punch.  Available 

with  any o r  a l l  o f  t h e  model BLOCK DATA subprograms: AE-5 s o l a r  maxi- 

m u m  (AE5MAX),  AE-4 s o l a r  maximum  (AE4MAX),  AE-5 s o l a r  minimum  (AESMIN), 

AE-4 s o l a -  minimum (AE4MIN) and a smoothed ve r s ion   o f   t he   p ro ton  models 

AP-5,  AP-6 and AP-7  (PROTON). 

2.  Program ORP, Version 2.0.  BCD and EBCDIC punch.  Available  with 

any o r  a l l  of t h e  model BLOCK DATA subprograms  described i n  Program MODEL. 

3 .  Program ORB, Version  1.0. BCD and EBCDIC punch. Two vers ions  

are avai lable:   Version 1.1 with a Brouwer o rb i t   gene ra to r   fo r   eccen -  

t r i c i t i e s  g r e a t e r   t h a n  0.1,and  Version 1 . 2  with a Lyddane o rb i t   gene r -  

a t o r   f o r   e c c e n t r i c i t i e s  smaller than  0.1.  

Microfilm: 

The fol lowing  information i s  a v a i l a b l e  on 35-mm microfilm: 

1. Carpe t   p lo t s  as Figures  1 through 9 i n   b l a c k  and white.  Use 

29 



r e fe rence  number MT-26C i n   t h e   N o n s a t e l l i t e  Data F i le .  

2.  Carpe t   p lo ts  as Figures   10  through  13  in   black and white. Use 

reference  number MT-26B i n   t h e   N o n s a t e l l i t e  Data Fi le .  
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APPENDIX B 

PROGRAM MODEL, YERSION 2.0 

The major   modi f ica t ion   to   Vers ion   1 .0  of  MODEL has   been  the  inclu-  

s i o n   o f   t h e   s o l a r  minimum model p r e s e n t e d   i n   t h i s  document.  The BLOCK 

DATA subprograms are  designated AE4MIN and AE5MIN f o r  models AE-4 1964 

and AE-5 1975 P ro jec t ed ,   r e spec t ive ly .  The COMMON s ta tements  are i n -  

c luded   i n   sub rou t ine  TYPE. With reference  to   page  14  of   Teague and 

Vet te  [1972A), t h e   s o l a r  minimum model may be   accessed   by   s e t t i ng   t he  

v a r i a b l e  MTYPE i n  column 9 o f   ca rd  a t o  3.  The appropr ia te   header  

information i s  generated  by MAIN. The  meanings o f   o t h e r   i n p u t   v a r i -  

ables   for   Version  1 .0   remain  unchanged  in   Version 2.0. The same re- 

s t r i c t i o n s  on t h e   a v e r a g e   d i f f e r e n t i a l   f l u x   c a l c u l a t i o n s   f o r   t h e   s o l a r  

maximum model are a p p l i c a b l e   t o   t h e   s o l a r  minimum model  (page 1 2  of  

Teague  and Vette 1972A). 

The second  modi f ica t ion   concerns   the   defau l t  B i n t e r v a l s   u s e d   i n  

t h e   o u t p u t   t a b l e s   f o r  IDEF=O. In   Version  1 .0 ,   l inear  B i n t e r v a l s  are 

used a t  each L v a l u e ,   w i t h   t h e   i n t e r v a l   s i z e   b e i n g  set  to   g ive   approx-  

imately 25 B va lues  a t  each L value.   This   a lgori thm  provides   poor  

r e s o l u t i o n  a t  high B values .   Version 2 .0  conta ins  a semi-logarithmic 

a lgo r i thm  fo r   r educ ing   t he  B i n t e r v a l  a t  h igh  B values  where L > 2.8 

e a r t h   r a d i i .  A f i n a l  minor  modification i s  t h a t   t h e   l i n e s   o f   t h e   o u t -  

p u t   t a b l e s   c o r r e s p o n d i n g   t o   d i f f e r e n t  B va lues  are numbered in   Ver s ion  

2.0. 

A summary o f   t he  computer  decks  available  with Program MODEL Ver- 

sion  2.0 i s  g i v e n   i n  Appendix A. 
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APPENDIX C 

PROGRAM ORP, VERSION 2.0  

c. 1 Program  Documentation 

Substantial  changes  have  been made t o   t h e   i n p u t  and  output of Pro- 

gram ORP, Version  1.0.  Changes  have  been made to   t he   i npu t   o f   Ver s ion  

2.0 t o   g i v e  ORP t h e   p o t e n t i a l  o f  e x e c u t i n g   i n  less computer time. Ulti- 

mately,   however,   the  execution time i s  dependent  upon  the time per iod  

cove red   by   t he   i npu t   o rb i t   t ape  and t h e  time increment   used   for   the  

o r b i t .   I n   t h e  l a t t e r  p a r t   o f   t h i s   s e c t i o n ,   c o n s i d e r a t i o n  i s  g i v e n   t o  

t h e   r e l a t i o n  between  these  parameters and the   accu racy   o f   t he   ou tpu t  

tables   provided  by ORP. 

Two new input   parameters  are inc luded   in   Vers ion  2.0 of  Program 

ORP. The f i rs t  parameter,  ISKIP, c o n t r o l s   t h e  number of   po in ts   read  

from t h e   i n p u t   o r b i t   t a p e  and  passed t o   t h e  model i n t e r p o l a t i o n  rou- 

t ines .   This   parameter  may be  used when it i s  known t h a t   t o o  many 

p o i n t s   a r e   s t o r e d  on the   i npu t   t ape .  When ISKIP i s  set  at 2 ,  one-half  

o f   t h e   p o i n t s   r e a d   f r o m   t h e   t a p e  are passed on t o   t h e  model; i f  ISKIP 

i s  set  a t  5 ,  o n e - f i f t h   o f   t h e   p o i n t s  w i l l  be   pas sed   t o   t he  model i n t e r -  

po la t ion   rou t ine .   Cons ide rab le   s av ings   i n   execu t ion   t ime  will r e s u l t  

from t h e   u s e   o f   t h i s   p a r a m e t e r .  Use of this  parameter,   though,  might 

a l s o  affect  the   accu racy   o f   t he   r e su l t i ng   ou tpu t   t ab l e s .   Th i s   p rob lem 

will be   d i scussed  la ter  i n   t h i s   s e c t i o n .  

A second  parameter, ITAPE, a l l o w s   t h e   i n p u t   o f   e i t h e r   b i n a r y  o r  BCD 

tapes .   In   genera l ,   b inary   t apes  are p r e f e r r e d ,   s i n c e   s u b s t a n t i a l l y   l e s s  

computer time i s  r equ i r ed   t o   i npu t   un fo rma t t ed   t apes   t han   fo rma t t ed  

ones. When a l i s t  of  items is being  read o r  writ ten  under  format  con- 

t r o l ,   e a c h  item i n   t h e  l i s t  must  be  passed t o   s p e c i a l  programs i n   t h e  

FORTRAN 1/0 package f o r  the   necessary   convers ion .  The use  of   binary 

input   t apes   bypasses   th i s   convers ion .  Tests performed  on  an IBM 360/75 
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with ORP i n d i c a t e d   t h a t  as much as 25 percent   o f   the   execut ion  time 

can  be  saved  by  using  binary  input  tapes.  

With r e fe rence   t o   page  25  o f  Teague  and Vette (1972A), t h e   f i e l d   o f  

input   card  a f o r  ORP has  been  extended t o   i n c l u d e   t h e  two new para- 

meters : 

Card No. Var iab le  Name Cols Format  Function 

a cont  ISKIP 

ITAPE 

71-72 I2 

73-74 I 2  

Controls  number o f  

input   po in ts   passed  

t o  model  (one i n  

every  ISKIP). If 

f i e l d  i s  blank, 

ISKIP=l. 

ITAPE = 0 f o r   b i n a r y  

input   t ape ;  = 1 f o r  

BCD input   t ape .  

The format   of   the  BCD input   tape  remains as descr ibed  on  pages 22 and 

2 3  of Teague  and Vette (1972A). E i t h e r   b i n a r y  o r  BCD t ape  i s  input  

on log ica l   un i t   10 .  The f irst  record   o f   the   t ape   mus t   conta in   a rb i t ra ry  

header  information.  Subsequent  records must c o n t a i n   t h e   s i x   v a r i a b l e s :  

l ong i tude   (degs ) ,   l a t i t ude   (degs ) ,   a l t i t ude  (km), magne t i c   f i e ld   s t r eng th  

(gauss),  McIlwain L pa rame te r   ( ea r th   r ad i i )  and time from start  o f   o r b i t  

(hours).  The end o f   t h e   o r b i t  i s  recognized   by   an   a l t i tude   o f  -100 km 

o r  less. The o r b i t   g e n e r a t i o n  Program ORB documented i n  Appendix D is 

des igned   t o   ou tpu t   o rb i t   t apes   i n   t he   co r rec t   fo rma t   fo r   i npu t   t o   P ro -  

gram ORP Version  2.0. 

The s o l a r  minimum model desc r ibed   i n   Sec t ion  2 o f   t h i s  document may 

be   ob ta ined   by   se t t ing   the   parameter  MODEL on card a e q u a l   t o  3 (Teague 

and Vette 1972A, page  24). To avoid  unnecessary  subrout ine calls, sub- 
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r o u t i n e  TYPE has  been  eliminated  from ORP Version  2.0  and  the COMMON 

s ta tements  f o r  t h e  BLOCK DATA subprograms AE4MIN and AESMIN are entered  

i n t o  MAIN. A summary of the  computer   decks  avai lable   with Program ORP 

Version  2.0 i s  g i v e n   i n  Appendix A. 

Program ORP is a b l e   t o   o u t p u t   a n y  or a l l  of t h e   f o l l o w i n g   s i x  

tab les   under   cont ro l   o f   the   parameter  TABCON described  on  page  23  of 

Teague  and Yette C1972A): Point   by  Point  (PP) Table,  L-band Summary 

(LS) Table ,   Integrated  Flux (IF) Tab le ,   In t ens i ty  Summary (IS)  Table, 

Peak  Flux per  o r b i t  (PF) Table,   and  the  Four-Orbit  Summary  (FOS) Table. 

Modifications  have  been made t o  a l l  t a b l e s   e x c e p t   t h e  I F  and FOS Tables.  

Some of  the   mod i f i ca t ions  are cosmetic ,   but  a number o f  new ind ices  

have  been  added t o   t h e   t a b l e s   t o   e n a b l e   t h e   u s e r   t o  assess t h e  re l ia -  
b i l i t y  o f  t h e   o r b i t - i n t e g r a t e d   f l u x e s .  

An example o f  t h e  PP Table   output   by  Version  2 .0  i s  shown i n   F i g -  

u re  51. The p o i n t   f l u x  i s  output  a t  three   energ ies   de te rmined  by t h e  

energy ET, input  on card a (Teague  and Vette 1972A, page  24).  The  cen- 

t e r  energy i s  t h e   e n e r g y   n e a r e s t   t o  ET c o n t a i n e d   i n   t h e  E energy  array,  

input   on  cards  b and c. The nex t   l ower   and   h ighe r   ene rg ie s   i n   t h i s  

a r r a y  are a l s o   o u t p u t  i n  t h e  PP Table.  If the   l eng th  of  t h e  E a r r a y  

is less t h a n   t h r e e ,   t h e   p o i n t   f l u x  is given  for   each  energy E.  Pro- 

gram ORP au tomat ica l ly  rejects p o i n t s  for which B and L a r e   ze ro .  

That is, t h e s e   p o i n t s  are n o t   p a s s e d   t o   t h e  model i n t e rpo la t ion   rou -  

t i n e s ,   w i t h  a consequent  saving o f  computer time. A s  w i l l  be   d i scussed  

in   Sec t ion   3 .3 ,  Program ORB i s  a b l e   t o  write zeros  on t h e   t a p e   f o r  B 

and L when it i s  known t h a t   t h e  s a t e l l i t e  o r b i t  i s  o u t s i d e   t h e   r a d i a -  

t i o n   b e l t s .  These  points are au tomat i ca l ly   omi t t ed   i n   t he  PP Table,  

and a s t a t emen t   o f   t he  number of omi t ted   po in ts  i s  given. 

An example  of  the LS Table i s  shown i n   F i g u r e  52 .   This   t ab le  

d i f f e r s  from the   Vers ion   1 .0   t ab le   p r imar i ly   because   o f   the   addi t ion  

o f   t h ree  sets of   sample  s izes  NP1, NP2, and NSIZE, each   de f ined   i n   t he  
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t ab l e   foo tno te .  The energy   a r ray   used   for   the  LS Table is t h a t   i n p u t  

on ca rds  b and c. NP1 i s  t h e  number of   non-zero  f luxes  encountered  in  

t h e  L band g iven   fo r   t he   l owes t   ene rgy   o f   t h i s   a r r ay .  NP2 i s  given 

f o r   t h a t   e n e r g y   i n   t h e  E a r r a y   n e a r e s t   t o  ET, i npu t  on card a. NSIZE 

is t h e  number o f   o r b i t   p o i n t s   l y i n g   i n   e a c h  L band.  The use  o f  t h e s e  

ind ices  i s  discussed  in   subsequent   paragraphs.  The L ranges  used  for  

t h e  LS Table are s p e c i f i e d   i n   s u b r o u t i n e  STORE. The parameter 'Time 

In t e rva l '   ou tpu t  a t  t h e   t o p   o f   t h e  LS Table refers t o   t h e  l a s t  two 

p o i n t s  on t h e   o r b i t .  For h i g h l y   e c c e n t r i c   o r b i t s   t h e   t i m e   i n t e r v a l  

may va ry   cons ide rab ly   w i th   a l t i t ude ,  and the   va lue   ou tpu t  f o r  'Time 

I n t e r v a l '  w i l l  be   o f   l imi ted   use .  

An example  of the   IS   Table  i s  shown in   F igu re   53 .  The i n t e n s i t y  

r a n g e s   u s e d   f o r   t h i s   t a b l e   a r e   s p e c i f i e d  by a DATA s ta tement   in   sub-  

r o u t i n e  FLITAB. The sample s ize  of  each  accumulated  f lux i s  p r i n t e d  

out  as desc r ibed   i n   t he   t ab l e   foo tno te .   D i scuss ion   o f   t he   u se   o f   t h i s  

parameter i s  g i v e n   i n   l a t e r   p a r a g r a p h s .  

A n  example  of  the PF Table i s  shown i n   F i g u r e  54. A nominal 

o r b i t a l   p e r i o d ,  T, has  been  added t o   t h i s   t a b l e .   T h i s  i s  computed 

us ing   the   express ion  

T = Tc (1  + hav)3 /2 ,  

where Tc i s  the  Schuler   Per iod,   equal   to   84.347  minutes   (Nelson and 

Loft  1962),  and ha, i s  t h e   a v e r a g e   a l t i t u d e   i n   e a r t h   r a d i i   d e t e r m i n e d  

by summing a t  s u c c e s s i v e   o r b i t   p o i n t s   o v e r   t h e   t o t a l   o r b i t  time. This  

per iod may b e   i n   e r r o r  f o r  a small number o f   r evo lu t ions   o f   eccen t r i c  

o r b i t s  i f  t h e  l a s t  r evo lu t ion  i s  p a r t i a l .  ORP computes a r evo lu t ion  

i n   d i f f e r i n g   f a s h i o n s  f o r  zero and  non-zero  incl inat ions.   For   zero 

i n c l i n a t i o n ,  0 hours l o c a l  mean t ime i s  used,   while   for   non-zero  in-  

c l i n a t i o n s  a south- to-nor th   equator ia l   c ross ing  i s  used.  In  Version 

2.0 of  ORP, t he   app ropr i a t e   l ong i tude  of t h e  end  of  each  revolution i s  
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given   wi th   the   appropr ia te   header   in format ion .  I t  i s  v e r y   l i k e l y   t h a t  

t h e  last  r evo lu t ion  i s  a p a r t i a l   r e v o l u t i o n   c n l y ;   i n   t h i s  case an appro- 

p r i a t e  message i s  output  as shown i n   F i g u r e  54. The PF Table will 

te rmina te  a t  50 revolu t ions   wi th   an   appropr ia te   message .  

C.2 Accuracy  of  the  Orbit-Integrated Fluxes 

I n   t h i s   s e c t i o n  a d i scuss ion   o f   t he   accu racy  and u t i l i t y   o f   t h e  

t abu la r   ou tpu t   o f  ORP is  given. The s o l a r  minimum model accuracy i s  

summarized i n  Table 2 of  t h i s  document,  and t h e  similar tab le   g iven   by  

Teague  and Vette (1972A) f o r   t h e   i n n e r  zone s o l a r  maximum model has 

been  updated i n   T a b l e  2 .  I t  i s  clear t h a t  a t  b e s t   t h e   o r b i t - i n t e g r a t e d  

f l u x e s  are no b e t t e r   t h a n   t h e  models   used  with  the  orbi t .  However, a 
number o f   o the r  effects  may r e s u l t   i n   a d d i t i o n a l   e r r o r s   i n   t h e  accumu- 

l a t ed   f l uxes .  For i n s t ance ,   t ab l e   accumula t ion   e r ro r s  may r e s u l t  from 

basing  the  sample s i ze  on a n   o r b i t   o f   f i n i t e   l e n g t h .  For  c e r t a i n  

orb i t s   accumula t ing  a s i g n i f i c a n t   p o r t i o n   o f   t h e   i n t e g r a t e d   f l u x  from 

regions  0-f s t e e p   g r a d i e n t s   i n   f l u x ,   t h e  t-e o f   o rb i t   gene ra to r   u sed  

may become important.  The d i s t i n c t i o n  i s  drawn  between  "errors" i n  

the  accumulated  f luxes and " l imitat ions"   of   the   accumulated  f luxes.  

The l a t t e r  i tem i s  d iscussed  first. 

"Limi ta t ions"   o f   the   accumula ted   f luxes   a r i se  as a r e s u l t   o f   v a r -  

ious  t ime  averagings  performed  in   the model.  The v a r i a t i o n   i n   t h e   f l u x  

l eve l   due   t o   magne t i c   s to rm  e f f ec t s  i s  known t o   b e   c o n s i d e r a b l e   i n   t h e  

ou te r  zone  and the   ou ter   edge   of   the   inner   zone  (L > 1 . 8   e a r t h   r a d i i ) .  

A va r i a t ion   abou t   t he   ave rage   f l ux  of approximately  one  order   of  magni- 

tude  may be  regarded as typical i n   t h e   o u t e r  zone. The BLOCK DATA sub- 

programs  issued  by NSSDC r e p r e s e n t   t h e   a v e r a g e   s t o r m   s i t u a t i o n   i n   t h e  

r a d i a t i o n   b e l t s .  The o r b i t - i n t e g r a t e d   f l u x e s ,   t h e r e f o r e ,   r e p r e s e n t   t h e  

same ave rage   s i t ua t ion ,   and   t he   ques t ion  arises o f   t h e  time requ i r ed  

f o r   t h e  s a t e l l i t e  t o  accumula te   th i s   average .  The frequency  of  occur- 

rence  of   magnet ic   s torms  in   the  outer   zones i s  high,  and it i s  n o t  
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poss ib l e   t o   i so l a t e   magne t i ca l ly   und i s tu rbed   pe r iods .  A s  a r e s u l t   t h e  

s a t e l l i t e  accumula tes   the   s torm-averaged   in tegra ted   f luxes   to  a r ea -  

sonable   degree  of   accuracy  in  a matter of weeks f o r  outer-zone-domin- 

a t ed   f l uxes .  A s  noted  by  Teague  and Vette (1972B), i n   t h e   o u t e r  

edge of   the   inner   zone   reg ion   the   f requency  of occurrence  of  magnetic 

storms is  low i n   r e l a t i o n   t o   t h e   o u t e r  zone  frequency,  but  considerable 

enhancement  of t h e   f l u x  i s  observed when a storm  does  occur. For i n -  

s tance ,   over   the   per iod  mid-1966 t o   l a t e - 1 9 6 7   o n l y   t h r e e   s i g n i f i c a n t  

excur s ions   o f   t he   f l ux  above a quiet-day  value were observed  for  L > 

1 . 8   e a r t h   r a d i i .  However, t hese   t h ree   excur s ions  were largely  respon-  

s i b l e   f o r   d e t e r m i n i n g  AE-5 1967 f o r  energies  between 0.5 and 2 MeV 

(Teague  and Vette 1972B). For orb i t s   accumula t ing  a s i g n i f i c a n t   p e r -  

cen tage   o f   t he   f l ux  from the  outer   edge  of   the  inner   zone  ( low-incl in-  

a t i o n   c i r c u l a r   o r b i t s   i n   t h e   r e g i o n   o f  7000 km, f o r   i n s t a n c e ) ,   t h e   a c t u a l  

mission time requ i r ed   t o   accumula t e   t he   s to rm ' s   ave rage   o rb i t - in t eg ra t ed  

f lux   g iven   by   t he  model  subprograms may be as high as one  year.  In 

a d d i t i o n   t o   t h e s e   o r b i t - i n t e g r a t e d  effects,  t h e   t a b l e s   p r o v i d i n g   i n f o r -  

mat ion  concerning  point   f luxes must  be  kept i n   p e r s p e c t i v e .   I n   p a r t i c -  

u l a r ,   t h e  Peak F l u x   p e r   o r b i t  (PF) and the   Poin t   by   Poin t  (PP) Tables 

provide   averaged   f luxes   tha t  may d i f f e r  from the   ac tua l   observed   va lue  

by  an  order  of  magnitude (up o r  down) due to   magnet ic   s torm  var ia t ion .  

A second  averaging  process  has  been  performed  for  the model  con- 

t a i n e d   i n   t h e  BLOCK DATA subprogram. The o u t e r  zone model has  been 

l o c a l  time o r  longi tudinal ly   averaged.  The l o c a l  time parameter i s  

i n c l u d e d   i n   t h e   o u t e r  zone model f o r  L > 5 ear th   rad i i ,   approximate ly ,  

t o   a c c o u n t   f o r   c a v i t y   d i s t o r t i o n .  By using a local-time-averaged 

model for   accumula t ing   orb i t - in tegra ted   f luxes ,  i t  i s  i m p l i c i t l y  

assumed t h a t   t h e  s a t e l l i t e  averages   over   loca l   t ime  in  i t s  o r b i t ;   t h a t  

is, it samples a l l  local   t imes  with  equal   weight ing.   This  is c l e a r l y   n o t  

c o r r e c t   f o r  many o r b i t s  and f o r   t h o s e   o r b i t s   f o r  which it i s  a rea- 

sonable   assumpt ion   tha t   the  actual mission time r e q u i r e d   t o   o b s e r v e   t h e  

average  obtained  f rom  the model subprogram may be  considerable .  I t  i s  
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n o t   p o s s i b l e   t o  estimate what t h i s  time might  be,   but  the  observed 

f l u x   c a n   d i f f e r  from the   averaged   f lux   by  a maximum o f   t h e   l o c a l  time 

va r i a t ion   con ta ined   i n   t he   ou te r   zone  model. However, i t  is very  

p r o b a b l e   t h a t   t h e   a c t u a l   e f f e c t  is less seve re   t han   t h i s .   S t a s s inopou los  

(1974) has   i nves t iga t ed  a synchronous   o rb i t   w i th   eccen t r i c i ty  0.18 

and i n c l i n a t i o n  45 degrees .   This   orbi t   does   not   sample a l l  l oca l   t imes  

equally,   and a comparison  of   the  local- t ime-averaged  orbi t - integrated 

f luxes   wi th   those   accumula ted   account ing   for   the   var ia t ion   o f   loca l  

time showed t y p i c a l   d i f f e r e n c e s   o f   f a c t o r s   o f  two o r  t h ree .  

I n   t h e   p r e v i o u s  two paragraphs ,   " l imi ta t ions"  of t h e   o r b i t - i n t e -  

grated  f luxes  have  been  discussed.  I t  i s  n o t   e a s y   t o   i n t e r p r e t   t h e s e  

i n  terms of   "e r rors"   in   the   accumula ted   f luxes   s ince   these  are based 

upon items t h a t  are n o t   q u a n t i t a t i v e l y  well def ined.  However, one 

s o u r c e   o f   e r r o r   c a n   b e   r e f e r r e d   t o  as table accumulat ion  error .   This  

r e s u l t s  from t h e   u s e   o f  a f i n i t e   o r b i t   t o   e s t i m a t e   t h e   a c t u a l   c o v e r a g e  

o f   t he   a rb i t r a ry   accumula t ion   b ins   encoun te red   by   t he   s a t e l l i t e .  The 

magni tude   o f   th i s  effect  may be   es t imated   by   vary ing   bo th   the   l ength  

of time t h e   o r b i t  i s  f lown  ( to ta l   t ime)  and t h e  time increment  between 

s u c c e s s i v e   o r b i t   p o i n t s  (time i n t e r v a l )  and  observing  the effect  on 

t h e   t a b u l a r   o u t p u t   o f  ORP. In   genera l ,   accumula t ion   e r rors   a re   de-  

pendent   on  the  s ize   of   the   accumulat ion  bin  and  the number of  inde- 

pendent   var iables   used  for   the  accumulat ion.   That  i s ,  the   IS  and LS 

Tables  are more s u s c e p t i b l e   t o   a c c u m u l a t i o n   e r r o r   t h a n   t h e  I F  Table, 

s ince  the  former  accumulates   on two independent   var iab les   ( in tens i ty  

and  energy, L-band and energy)   whereas   the l a t te r  uses  only  one 

(energy) .   Using  the  accumulat ion  bins  shown i n   F i g u r e s  52 and 53 ,  

t h e   t o t a l  times and time i n t e r v a l s   r e q u i r e d   f o r   a c c u m u l a t i o n   e r r o r s   i n  

t h e  IS and LS t a b l e s   t o   b e  less than  a f a c t o r   o f  two were determined 

f o r   c i r c u l a r   e q u a t o r i a l  and   po la r   o rb i t s  a t  a l t i t u d e s   o f  150, 1500, 

5000,  and  15,000 n.m. (approximately  278,  2778,  9260,  and  27,780 km, 
respec t ive ly) .   For   h igher   L-va lues   than   those  shown i n   t h e  LS 

Table  (Figure 52), 0.1-uni t   increments   in  L were used  up t o  L=3 
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ea r th   r ad i i ,   0 .2 -un i t   i nc remen t s  up t o  L=6 e a r t h   r a d i i ,  and 0.5-unit 

increments   for   higher   L-values .  The r equ i r ed  time i n t e r v a l s  and 

t o t a l  times are shown i n  Table 4. These times a r e   t h o s e   f o r   t h e  

maximum e r r o r   t o   b e  less than  a f a c t o r   o f  two. Most accumulated 

f luxes  will be  more a c c u r a t e   t h a n   t h i s ,  and determining  which  fluxes 

are sub jec t   t o   accumula t ion   e r ro r  w i l l  b e   d i s c u s s e d   i n  a fol lowing 

paragraph. From Table 4, it is  clear t h a t   t h e r e  is cons iderable   var i -  

a t ion   o f   t he   r equ i r ed  time i n t e r v a l  and t o t a l  time w i t h   o r b i t .  High- 

i n c l i n a t i o n   o r b i t s   r e q u i r e  more t o t a l   p o i n t s  and more poin ts   per   revo-  

lu t ion   t han   l ow- inc l ina t ion   o rb i t s .   Fu r the r ,  low a l t i t u d e s   r e q u i r e  

more t o t a l   p o i n t s   t h a n   h i g h   a l t i t u d e s .  The f irst  r equ i r emen t   r e su l t s  

from t h e   f a c t   t h a t   h i g h e r   i n c l i n a t i o n   o r b i t s   s p e n d  a smaller propor- 

t i on   o f   each   r evo lu t ion   i n s ide   t he   be l t s   t han   t he   l ower   i nc l ina t ions .  

The second  requirement   resul ts   f rom  the fac t  t h a t   l o w - a l t i t u d e   o r b i t s  

are in f luenced   s ign i f i can t ly   by   t he   Sou th   A t l an t i c  anomaly region,  

which i s  t r a v e r s e d   f o r  a comparatively small propor t ion   of  some revo- 

lu t ions .  A t  150 n.m. (278  km), f l u x  i s  accumulated i n   t h e  anomaly 

reg ion   on ly ,   and   the   f igures   in   Table  4 a t  t h i s   a l t i t u d e  are given 

f o r  30 degrees   inc l ina t ion .  To reduce   the  maximum accumula t ion   e r ror   in  

the   IS  and LS T a b l e s   t o  a f a c t o r   o f  two o r  below requ i r e s  a consider-  

a b l e   i n c r e a s e   i n   t h e   t o t a l  number o f   o r b i t   p o i n t s .  To reduce   the  

maximum e r r o r   t o  30 percen t ,   t he  number o f   o r b i t   p o i n t s  must be  doubled 

o r  even  t r ipled,   thereby  increasing  the  computer  time by  an  almost 

equal amount. In   v iew  of   the   l imi ta t ions   o f   these   t ab les ,   th i s   in -  

crease is  ent i re ly   unwarranted .  As noted  above,   tables   other   than  the 

IS and LS Tables  have small accumulation  errors  only,   and fewer o r b i t  

p o i n t s  are needed   for   these   t ab les .   In   Table  4,  t h e   v a l u e s   i n   p a r e n -  

t heses  are  t h o s e   r e q u i r e d   t o   g i v e  a maximum accumula t ion   e r ror   o f  30 

p e r c e n t   i n   t h e  FOS and  IS  tables.  

As a g u i d e   t o   s u i t a b l e   v a l u e s  of t i m e   i n t e r v a l ,  T i ,  and t o t a l  time, 

Tp, the   fo l lowing   express ion ,  

log,  oTi o r  log,  oTp = al  log ,   ( a l t i t ude )  - a2 x ( i n c l i n a t i o n )  - a3  - 2, 

40 



may be  used  with the c o e f f i c i e n t s   g i v e n   i n   T a b l e s  5 and 6 f o r   t i m e  

i n t e r v a l  and t o t a l  time, r e s p e c t i v e l y .   I n   t h i s   e q u a t i o n ,  Ti is given 

in   minu te s ,  Tp i n   d a y s ,   a l t i t u d e   i n   n a u t i c a l   m i l e s ,  and i n c l i n a t i o n   i n  

deg rees .   These   coe f f i c i en t s   p rov ide   su i t ab le   c i r cu la r   o rb i t   pa rame te r s  

f o r   t h e   I S  and LS Tables.  Fo r  t h e   r e m a i n i n g   t a b l e s ,   t h e   t o t a l  time 

may be reduced  by a f a c t o r  of 1.5,   and  the time in t e rva l   i nc reased   by  

t h e  same amount. For  e c c e n t r i c   o r b i t s ,   e q u a t i o n  2 may be  used 40 

determine  the time i n t e r v a l  a t  apogee  and  perigee; i f  Program ORB i s  

used t o   g e n e r a t e   t h e   o r b i t ,   t h e  time i n t e r v a l  may b e   v a r i e d   l i n e a r l y  

with  a l t i tude  between  these  extremes  (Sect ion 3 . 3 ) .  The t o t a l  time 

used   fo r   t he   o rb i t   shou ld   be   t ha t   de t e rmined  from  equation 2 f o r  

apogee. If t h e   o r b i t   t o   b e   i n p u t   t o  Program ORP i s  a l r e a d y   i n   e x i s -  

t ence  and t h e   t i m e   i n t e r v a l  i s  less than   tha t   g iven   by   equat ion  2 ,  t h e  

ISKIP parameters   discussed ear l ie r  i n   t h i s   s e c t i o n  may be   u sed   t o   i n -  

c r e a s e   t h e   t i m e   i n t e r v a l .  If t h e  time i n t e r v a l  i s  g r e a t e r   t h a n   t h a t  

given  by  equation 2 ,  it should   be   apprec ia ted   tha t   accumula t ion   e r rors  

g r e a t e r   t h a n  a f a c t o r   o f  two may r e s u l t   i n   t h e  IS and LS Tables.  

The i n d i c e s   i n c l u d e d   i n   t h e   I n t e n s i t y  Summary and L-band Summary 

Tables may be   used   to  assess t h e   r e l i a b i l i t y  of the  accumulated  f luxes.  

I t  i s  impor t an t   t o   u se   t hese   i nd ices ,  as the   accumula t ion   e r rors   d i s -  

cussed  in   previous  paragraphs  do  not  affect  a l l  accumulated  f luxes.  

For   the L-band Summary Table  (Figure 52), L bands f o r  which the   spec-  

trum i s  hard are suspec t ,   pa r t i cu la r ly   t hose   fo r   wh ich  NSIZE i s  less 

than  30. Small  sample sizes (fewer  than  f ive  samples)  are s u s p e c t   i n  

genera l ,  as are accumula ted   f luxes   in   energy   b ins   for   which  NP2 i s  

c o n s i d e r a b l y   d i f f e r e n t  fron: NSIZE o r  NF1. For t h e   I n t e n s i t y  Summary 

Table  (Figure 53), the   accumula ted   f luxes   tha t  are most suspec t   a r e  

the   sma l l e r   f l uxes   t ha t   occu r   w i th  small sample s izes  (fewer  than 30 

samples). 

An add i t iona l   i t em may affect  the  accumulated  f luxes and t h e   p o i n t  

f luxes  determined by  Program ORP. Fo r  o r b i t s  and  energies  where  the 
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flux accumulat ion  ar ises   predominant ly  from regions  of s t eep   g rad ien t  

i n   t h e  model, t h e   o r b i t   g e n e r a t o r   u s e d  may s i g n i f i c a n t l y  affect  t h e  

t abu la r   ou tpu t   o f  ORP. O r b i t s   i n   t h i s   c a t e g o r y   i n c l u d e   l o w - a l t i t u d e  

s a t e l l i t e s  at low inc l ina t ion   t ha t   accumula t e   f l ux  from the  s teep-grad-  

i e n t   r e g i o n  a t  the  inner  edge  of  the  inner  zone,  and satel l i tes  t h a t  

accumulate   f lux from the   ho rns   o f   t he   ou te r  zone  where  the  f lux i s  
va ry ing   r ap id ly   w i th  B. I n   g e n e r a l ,   o r b i t s   f o r  which t h e   o r b i t   g e n e r -  

a t o r   u s e d  may be  important  are a l s o   o r b i t s   f o r  which t h e  model e r r o r  

i s  p a r t i c u l a r l y   h i g h ,  and thus   t he   u se  of a s o p h i s t i c a t e d   o r b i t   g e n e r a t o r  

d o e s   n o t   s i g n i f i c a n t l y  improve the  accuracy  of   the  accumulated  f luxes.  

The ques t ion  arises as t o  how d i f f e rences  between p red ic t ed  and 

observed   orb i t s  affect  the  accumulated  f luxes,   that  is, how much will 

t h e   o b s e r v e d   f l u x   d i f f e r  from the   p red ic ted   accumula ted   f lux   dhe   to  

small d i f f e rences  between  assumed  and  observed  orbits?  Orbits  for  which 

the   o rb i t   gene ra to r   u sed  i s  important are a l s o   t h e   o r b i t s   f o r  which 

small dev ia t ions  from  assumed o r b i t  w i l l  s i g n i f i c a n t l y   v a r y   t h e  accumu- 

l a t e d   f l u x e s .   S i n c e   i n   t h e s e  cases t h e   f l u x   d i f f e r e n c e s  between 

planned  and  achieved  orbits may be as g r e a t  as those  between  different  

generators ,   even  the most s o p h i s t i c a t e d   o r b i t   g e n e r a t o r  w i l l  probably 

n o t   r e s u l t   i n  more accurate   accumulated  f luxes.   In   general ,  it i s  

recommended t h a t   t h e   s i m p l e s t   o r b i t   g e n e r a t o r s   b e   u s e d   t o   g e n e r a t e  

o r b i t   t a p e s   f o r   i n p u t   t o  Program ORP. 

In summary, t he re   a r e   impor t an t   l imi t a t ions  on the  orbit-accumu- 

l a t ed   f l uxes   gene ra t ed  by Program ORP r e s u l t i n g  from  averaging  pro- 

cesses i n   t h e  model.  In a d d i t i o n ,   t h e r e  may b e   e r r o r s   i n   t h e  accumu- 

l a t ed   f l uxes   ove r  and  above  those  introduced  by model e r r o r .  Both 

t h e   l i m i t a t i o n s  and t h e   e r r o r s  are very  orbit-dependent,  and  no  gen- 

e r a l i z e d   q u a n t i t a t i v e   s t a t e m e n t  may be made about   e i ther .  However, 

Table 7 i s  an  a t tempt  a t  e s t i m a t i n g   t h e   e r r o r   i n   t h e  LS and  IS  Tables 

f o r   c i r c u l a r   o r b i t s  a t  150, 1500, 5000, and  15,000 n.m. (approximately 

277,  2778,  9260,  and  27,780 km, r e spec t ive ly )  and  0-degree  and  90-degree 
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i n c l i n a t i o n s .  The t o t a l   t i m e s  and time i n t e r v a l s  shown i n   T a b l e  4 were 

used   fo r   t he   o rb i t s ,   and   t he   accumula t ion   b ins   desc r ibed   p rev ious ly  

were used i n   t h e   I S  and LS Tables.  The es t imated  maximum and  mini- 

m u m  model e r r o r  i s  shown f o r   e a c h   o r b i t   f o r   t h e   s o l a r  maximum and 

s o l a r  minimum e lec t ron   models .   In   genera l ,   the  maximum model e r r o r  

occurs  a t  the   h ighes t   ene rgy   encoun te red   on   each   o rb i t ,  and the  mini-  

mum model e r r o r   o c c u r s  a t  the  lowest   energy  encountered.  The t o t a l  

maximum and minimum e r r o r s  are given f o r  s o l a r  maximum and s o l a r  min- 

i m u m ,  i nc lud ing   t he  effects  o f   t ab l e   accumula t ion   e r ro r s .  No e r r o r  

g r e a t e r   t h a n  a f a c t o r  of 10 i s  es t imated .  I t  i s  emphasized t h a t   t h i s  

t a b l e  i s  n o t   i n t e n d e d   t o   g i v e  a de f in i t i ve   s t a t emen t   o f   t he   accu racy  

of  the  IS  and LS Tab les ,   bu t   mere ly   t o   g ive  some i n d i c a t i o n   o f   t h e  

accumulated  f luxes.  I t  is clear from Table 7 t h a t  t he  model e r r o r  i s  

t h e  most s i g n i f i c a n t   c o n t r i b u t o r   t o   t h e   f i n a l   t o t a l   e r r o r   f o r   t h e  

o r b i t   t o t a l  times and time i n t e r v a l s   u s e d   f o r   t h i s   t a b l e .  If t h e   t o t a l  

t ime i s  reduced o r  t h e  time i n t e r v a l  i s  i n c r e a s e d   s i g n i f i c a n t l y ,  accumu- 

l a t i o n   e r r o r s  become r e l a t i v e l y  more s igni f icant .   Converse ly ,  accumu- 

l a t i o n   e r r o r s  become less s i g n i f i c a n t  i f  the  accumulat ion  bins  are 

i n c r e a s e d   i n  size.  The conc lus ion   t o   be  drawn  from Table 7 i s  t h a t  

t h e   e r r o r s   a s s o c i a t e d   w i t h   t h e   I S  and LS T a b l e s   a r e   s u f f i c i e n t l y   l a r g e  

for   the   accumula ted   f luxes   to   be   regarded  as approximate  f igures   only.  
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APPENDIX D 

PROGRAM ORB 

Program ORB is a s imple   o rb i t   genera t ion   and  B-L ca l cu la t ion   p ro -  

gram t h a t  is p r i m a r i l y   u s e d   f o r   g e n e r a t i n g   o r b i t   t a p e s   f o r   i n p u t   t o  

Program ORP, d e s c r i b e d   i n   t h e   p r e v i o u s   s e c t i o n .  Program ORB i s  a 

FORTRAN I V  program w r i t t e n   f o r   t h e  IBM 360 series machines;  however, 

t h e  program i s  a l s o   o p e r a t i o n a l  on UNIVAC 1108  machines. The program 

e x i s t s   i n  two ve r s ions ,   bo th   sha r ing  a common MAIN. The  two vers ions ,  

1 and 2 r e spec t ive ly ,   con ta in  a Brouwer o r b i t   g e n e r a t o r  (Brouwer  1959) 

and a Lyddane o r b i t   g e n e r a t o r  (Lyddane  1963). The former i s  more 

s u i t e d   t o   o r b i t s   w i t h   e c c e n t r i c i t i e s   g r e a t e r   t h a n  0 . 1 ,   w h i l e   t h e   l a t t e r  

is b e t t e r   s u i t e d   t o  less e c c e n t r i c   o r b i t s .  Both ve r s ions  will ope ra t e  

f o r  small e c c e n t r i c i t i e s ,   b u t   t h e r e   a r e   c e r t a i n   r e s t r i c t i o n s   t h a t  w i l l  

b e   d i scussed   i n  a following  paragraph. 

Sample ORB output  i s  shown i n   F i g u r e  55. The l i n e   p r i n t e r   o u t p u t  

is under   cont ro l   o f   the   input   parameter  IPR. Using th i s   pa rame te r ,  

e i t h e r  a po in t -by -po in t   l i s t i ng   o f   t he   gene ra t ed   o rb i t  may be  obtained,  

o r  t h e  f irst  f i v e  and last f i v e   g e n e r a t e d   p o i n t s  may be  output  only,  as 

shown in   F igu re   55 .  The tape   ou tput  i s  unde r   con t ro l   o f   t he   i npu t   va r -  

i a b l e  ITAPE, which  a l lows  e i ther  a b ina ry  o r  a BCD o u t p u t   t a p e   t o   b e  

w r i t t e n .  Both output   t apes  are compatible   with Program ORP. 

A s  n o t e d   i n   t h e   p r e v i o u s   s e c t i o n ,   b i n a r y   t a p e   o u t p u t  i s  gene ra l ly  

t o   b e   p r e f e r r e d ,   s i n c e  less computer time is  requ i r ed  f o r  a b ina ry  

WRITE. The time i n t e r v a l  be tween   success ive   po in t s   on   t he   o rb i t   t ape  

i s  def ined  by  the  input   parameter  DSEC, a n d   t h e   t o t a l  time covered  by 

t h e   g e n e r a t e d   o r b i t  i s  spec i f ied   by   the   parameter  SECMAX. For  circu- 

lar  o r b i t s ,   t h e  time in t e rva l   shou ld   r ema in   cons t an t ,   bu t   fo r   eccen t r i c  

o r b i t s  i t  may b e   a d v a n t a g e o u s   t o   v a r y   t h e   i n t e r v a l   w i t h   a l t i t u d e   f o r  

r a d i a t i o n   b e l t   s t u d i e s .  If r equ i r ed ,  Program ORB will r e a d   i n   t h e  

parameters A and C and  compute t h e  time i n t e r v a l  from the   expres s ion  
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DSEC = A + [C x a l t i t u d e ) .  

If t h i s   o p t i o n  i s  used, DSEC i s  output  as zero,   and  the  above  expression 

is  w r i t t e n   o u t   o n   t h e   l i n e   p r i n t e r .  The  number o f   o rb i t   po in t s   gene r -  

a t ed  and t h e   a v e r a g e   a l t i t u d e  are w r i t t e n  on t h e   l i n e   p r i n t e r   t o g e t h e r  

with  the  nominal   per iod computed  from equat ion 1. 

ORB con ta ins   an   a lgo r i thm  fo r   con t ro l l i ng   t he  B and L va lues  writ- 

t e n  on the   ou tpu t   t ape .  The B-L c a l c u l a t i o n  i s  performed a t  e v e r y   o r b i t  

po in t   u s ing   t he   rou t ine  INTEL (Sugiura  and King,  1973) wi th   t he  IGRF 

1965  magnetic f i e l d  model CIAGA 1969)  updated t o  1970.  Under con t ro l  

of   the  parameter  LIMIT t h e s e  B and L va lues  may b e   w r i t t e n   t o   d e f a u l t  

va lues  on the   ou tpu t   t ape  i f  t h e   p o i n t  i s  ou t s ide   t he   b road   r eg ion   o f  

t h e   r a d i a t i o n   b e l t .  Program ORB d e f i n e s   t h i s   r e g i o n  as 

L > 1 1 . 0   e a r t h   r a d i i  

o r  L < 1.1 e a r t h   r a d i i  

o r  B > 0.2 + 0.05L gauss   fo r  L - < 2.4 e a r t h   r a d i i  

o r  B' > 0.604 gauss   fo r  L > 2.4 e a r t h   r a d i i .  

The d e f a u l t   v a l u e s  DEFB and DEFL are s p e c i f i e d   t o   b e   z e r o  by a DATA 

s t a t e m e n t   i n  Program MAIN. These   defaul t   va lues   a re   au tomat ica l ly   re -  

j e c t e d  by  Program ORP with a consequent  saving  of  computer time (see 

Sect ion  3 .2) .  

A v a r i a b l e  IORB de te rmines   the   vers ion  of Program ORB t o   b e   u s e d .  

Each deck   conta ins   one   o rb i t   genera tor   on ly  and inc ludes  dummy r o u t i n e s  

f o r  t h e   o t h e r .  If t h e   v a l u e  of  IORB and the   genera tor   inc luded  are 

incompatible ,   an  appropriate   error   message i s  generated.  
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The inpu t   ca rd   fo rma t   t o  ORB is as   fo l lows:  

Card No. Var iab le  Name Cols.  Format 

a HEAD 1-76 19A4 

b 

S E W  

DSEC 

IPR 

ITAPE 

LIMIT 

1-38 

1-15 

16-30 

33-34 

37-38 

Arbi t ra ry   header  

information  output  

on both  t apes  and 

p r i n t e r .  

2D15.8, 

4 C2X, 12). 

D15.8 To ta l  Time of o r b i t  

I 2  

I2 

41-42 I 2  

i n  seconds.  Program 

te rmina tes  f o r  DSEC=-1.DO 

D15.8 Time I n t e r v a l   i n  

seconds. If 

DSEC=O.ODO, card C 

is read .  

IPR=1 for   po in t -by-  

p o i n t   p r i n t e r   o u t p u t ;  

IPR=O f o r  first 

f i v e  and last  f i v e  

poin ts   on ly   ou tput  

on l i n e   p r i n t e r .  

ITAPE=O f o r   b i n a r y  

tape   ou tput ;  

ITAPE=l f o r  no t ape  

output ;  

ITAPE=2 f o r  BCD t ape  

output .  

LIMIT=O for B-L 

a lgori thm; 

LIMIT=l for no B-L 

r e s t r i c t i o n  on tape .  
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Card No. Var iab le  Name 

IORB 

C 

A 

C 

d 

ELEMl(1,l) 

ELENl(1,2) 

ELEMl(l,3) 

e 

ELEMl(l,4) 

ELEMl(1,S) 

ELEM1(1,6) 

Cols. Format Function 

45-46 

1-30 

1-15 

16-30 

1-45 

1-15 

16-30 

31-45 

1-45 

1-15 

16-30 

31-45 

Same as card  1. 

Same as card 2 etc.  

I2 

2D15.8 

D15.8 

D15.8 

3D15.8 

D15.8 

D15.8 

D15.8 

3D15.8 

D15.8 

D15.8 

D15.8 

IORB=O for   Vers ion  

1 [Brouwer genera tor )  ; 

I O R B = l  f o r  Version 

2 (Lyddane genera tor ) .  

Card read f o r  

DSEC=O.ODO only. 

Coef f i c i en t  f o r  o r b i t  

time i n t e r v a l   i n   s e c -  

onds - (equation  3) . 
Coef f i c i en t  f o r  o r b i t  

time i n t e r v a l   i n  sec- 

onds/km - (equat ion  3) .  

Semi-major a x i s   i n  

e a r t h   r a d i i .  

Eccen t r i c i ty .  

I n c l i n a t i o n   i n   d e g r e e s .  

Mean anomaly i n   r a d i a n s .  

Argument o f  pe r igee  

i n   r a d i a n s .  

Right  Ascension of  

ascending  node i n  

rad ians .  

Program te rmina tes  

f o r  DSEC=-1.ODO 
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There are a number o f   r e s t r i c t i o n s  on t h e   v a l u e s   o f  ELEM1[1,2) and 

ELEM1(1,3). For   Version  1 .0 ,   the   eccentr ic i ty  may no t   be   en t e red  as zero.  

If t h i s   v e r s i o n  i s  used t o   g e n e r a t e   c i r c u l a r   o r b i t s ,  ELEM1(1,2) should 

be  entered  in   the  range  f rom 10‘’ t o  For   l a rger   va lues   o f   eccen-  

t r i c i t y ,   a l t i t u d e  and L v a r i a t i o n s  become s i g n i f i c a n t   f o r   l o w e r  a l t i -  

tudes.  For smaller values ,   program  interrupts   occur ,   and  spurious L 

va lues  are generated.   For  Version 2.0, ( t he   i n t ended   ve r s ion   fo r  small 

e c c e n t r i c i t i e s ) ,   e c c e n t r i c i t y  may be   en tered  as O.OD0. The i n c l i n a t i o n ,  

ELEM1(1,3), may not   be   en te red  as z e r o   i n   e i t h e r   v e r s i o n .  A v a l u e   i n  

the  range  from lo-’ t o  lo-’ degrees   should   be   used   for   zero- inc l ina t ion  

o rb i t s .   La rge r   va lues   r e su l t   i n   nonze ro   l a t i t udes ,   and  smaller values  

r e s u l t   i n  program  interrupts .  

The output  BCD t ape  (ITAPE=2, card  b)  i s  w r i t t e n  on uni t   10  and 

the   format  i s  as fo l lows:  

Record Var iab le  Format Function 

1 HEAD 19A4 

2 t o  i+l 

XXLONG 

XXLAT 

XALT 

XB 

i + 2  

i + 3  

XXL 

XHOUR 

6E18.8 

E18.8 

E18.8 

E18.8 

E18.8 

E18.8 

E18.8 

36X,F5.0 

TALT F5.0 

Same as record 1 f o r   n e x t  

Orb i t  Header as i n p u t  on 

card  a. 

i s u c c e s s i v e   o r b i t   p o i n t s .  

Longitude  (degrees) 

Lat i tude  (degrees)  

A l t i t u d e  (km) I 

M a g n e t i c   f i e l d   s t r e n g t h  

(gauss) 
McIlwain L parameter 

( e a r t h   r a d i i )  

Time from s tar t  o f   o r b i t  

(hours) 

W r i t t e n   t o  -100.0 t o  

i n d i c a t e  end of  o r b i t .  

o r b i t .  
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The v a r i a b l e  TALT w r i t t e n   t o   i n d i c a t e   t h e  end   o f   t he   o rb i t  is s e t  

e q u a l   t o  -100.0  by a DATA s t a t e m e n t   i n  MAIN. This  i s  recognized by  Pro- 

gram ORP as an  end-of-orbi t   f lag.  

The unformatted  binary  tape i s  wr i t t en   on   l og ica l   un i t  10. The 

v a r i a b l e s  are w r i t t e n   i n   t h e  same orde r  as t h e  BCD tape,   wi th   the  excep-  

t i o n   t h a t   t h e  i + 2  record i s  a r epea t  of  t h e  i+l r e c o r d   w i t h   a l t i t u d e  

set e q u a l   t o  -100.0 km. 

The suggested  deck  setup  for  IBM 360 series machines is as fol lows:  

//Job  Card 

//EXEC FORTRANH;PARM="AP,OPT=2',REGION.SOURCE=3OOK. 
//SOURCE.SYSIN DD * 

Source Deck 

/* 
//EXEC LINKGO,REGION.G0=150K 

//LINK.OBJECT DD * (if Object  deck  included) 

Object Deck (if any) 

/*  (if object   deck  included)  

//GO.FTlOFOOl DD (ou tpu t   t ape   i n fo rma t ion   appropr i a t e   t o   va lue   o f  

ITAPE input  on card  b)  

//GO.SYSUDLIMP DD SYSOUT=C 

//GO.DATAS DD * 
Data Deck 

/* 
// 

Program ORB genera tes  and outputs  on tape  approximately  5x104  orbit  

po in t s   on   t he  I B M  360/75 in   approximate ly  8 minutes  of  cpu  time  and 

0.5 minutes  of 1/0 time. These  f igures  are a p p r o p r i a t e   t o   b i n a r y   o u t -  

put .  For BCD tape  output ,   approximately 1 2  minutes  of  cpu time are 

requi red .  

A summary o f   t h e  ORB decks  issued  by NSSDC i s  g i v e n   i n  Appendix A. 
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Table 1. Omnidirectional  Flux  Confidence Codes f o r  AE-5 1975  Projected 

Code B range L range E range Comment 

1 >Bo* <1.25 - >3 MeV Ext rapola t ion  on B, L,and E 

2 Bo <1.25 - >3 MeV Ext rapola t ion  on L and E 

4 A l l  B - >1.3 - >3 MeV Extrapolat ion  on E and B 

5 A l l  B 1.3-1.6 0.5-3 MeV S t a r f i s h  model  used t o  
estimate a r t i f i c i a l  f l u x  

d a t a  a t  E 1.6 MeV 
Agrees   with  pre-Starf ish 

5 A l l  B 1.9-2.4 >250 keV Storm effects. Corrected 
f o r  OV3-3 da ta .  

6 A l l  B 1.3-1.9 0.7-2.5 MeV C o r r e c t e d   f o r  OV3-3 d a t a  

6 A l l  B 1.9-2.4 40-250 keV Solar   cycle   parameters   used 

7 A l l  B 1.6-1.9 40-600 keV Solar   cycle   parameters   used 

8 A l l  B 1.3-1.6  40-500 keV Solar   cycle   parameters   used.  

Code - Model Accuracy 

8 Factor   of  3 t o  4 

1 Order  of  Magnitude 

*Bo = Equator ia l  B value.  

55 



Table 2. Omnidirectional  Flux  Confidence Codes f o r  AE-5 1967 

Code B range L range E range Comment 

1 >BO <1.25 - > 3 MeV Ext rapola t ion  on B, L, 

2 BO <1.25 - > 3 MeV Ext rapola t ion  on L and 

4 A l l  B - >1.3 - > 3 MeV Ext rapola t ion  on E and B 

4 A l l  B <1.25 < 3 MeV Ext rapola t ion  on L and B 

5 A l l  B 1.9-2.4 > 250 keV Magnetic  storm effects 

and E.  No d a t a  

E. No d a t a  

p re sen t  

6 BO 1.9-2.4 < 250 keV Conf l i c t s   w i th  new d a t a  

6 A l l  B 1.3-1.9 700-2000 keV Too high  due t o  OV3-3 
d a t a  

8 > Bo 1.9-2.4 < 250 keV Agrees  with new d a t a  

10 A l l  B 1.3-1.9 < 700 keV Favorable  comparison 
with new da ta .  

Code Model Accuracy 

10  Factor   of  2 

1 Order of magnitude 
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Table  3.  Energy  Ranges of Data  Sets 

Electron  Energy Type of Measurement 
Range  (MeV) 

0.036-0.133 
0.133-0.292 

Unidirectional  Differential 

1.97 -4.74 
0.690-1.97 

June  1966 - December  1967 0.292-0.690 
Electron  Flux. 

2.147-2.472 
1.88  -2.2 
1.615-1.925 
1.329-1.651 

0.574-0.849 
August - December  1966 0.814-1.099 

Electron  Flux. 1.075-1.375 
Unidirectional  Differential 

0.225-0.375 
0.35 -0.6 

Omnidirectional  Integral 
> 2.0 Total  Particle  Flux.  Protons 

> 43 MeV  July - October  1958 

Omnidirectional  Integral 

> 21  MeV  August - September  1961 
> 1.6 Total  Particle  Flux.  Protons 

0.056-0.102 
0.122-0.194 
0.23  -0.302 
0.427-0.531 

Unidirectional  Differential 

2.55  -3.09 
1.27  -1.79 

March - June  1968 0.637-1.007 
Electron  Flux. 

0.08 -0.121 
0.121-0.171 

0.537-0.900 
March  1968 0.258-0.537 

Electron  Flux. 0.171-0.258 
Unidirectional  Differential 

0.45  -0.55 

May - June  1968 0.85  -0.95 
Electron  Flux. 0.62  -0.72 

Unidirectional  Differential 

> 1.5 Omnidirectional  Integral 
Total  Particle  Flux.  Pro- 
tons > 20  MeV  December  1969 
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Table  4.  Required  Orbits f o r  Accumulation E r r o r   t o  be Less Than a Factor  of N o  

I n c l i n a t i o n  (degs) 

A l t i t u d e  (n.m.) 

To ta l  Time 
(Days) 

Time I n t e r v a l  
(Minutes) 

To ta l  Number 
of Poin ts  

Number of  Po in t s  
per   Revolut ion 

30 0 90 

150 1500 5000 15000 150  1500 5000 15000 

1.5  0 .5   1 .0   12.0 1.5  1.0  4.0  48.0 
(1.0) (0.5) (1.0)  (12.0) (1)  (1.0)  (2.0)  (24.0) 

I I 4 

1.0  4.0  48.0 1 0.5 0.5 

(;::) 1 (3.0)  (6.0)  (72.0) (2)  (3.0)  (6.0)  (72.0) 

4320  720  360  360  4320  2880  2880 5760 

I 

Figures   in   paren theses  are f o r  30 percent  FOS and I F  t a b l e s .  
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Table  5.  Coefficients  for  Time  Interval  Ti 

altitude Cn.m.) a 
1 

0.956 3.344 X 10-~ 0.301 150 - 1500 

a3 a2 

1500 - 12000 3.79 3.344 X 10-~ 1.193 

12000 - 18000 19.95 3.344 X 10-~ 5.154 

Table 6. Coefficients  for  Total  Time  Tp 

altitude  (n.m.) a2 a3 

150 - 1500 

1.840 -3.344 x 0.567 1750 - 4500 
-0.559 0 -0.176 

5000 - 12000 1.840 -6.690 x 0.567 

12000 - 18000 27.568 -6.690 x 6.874 
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Table  7.  Accuracy  of  Orbit-Accumulated  Fluxes 

I n c l i n a t i o n  Cdegs) I 30 I I 0 90 

Al t i t ude  (n.m.) I150 1 1500 5000 15000 1 150 1500 5000 15000 

Max. Model 
Er ror  

Nin. Model 
Er ror  

Max. Tab1 e 
Error  

Mi n . Tab 1 e 
Er ro r  

The f i g u r e s   i n   t h i s   t a b l e  are f a c t o r   e r r o r s ;  i . e . ,  "7" i n d i c a t e s   a n   e r r o r  
of a f a c t o r   o f  7. The f i g u r e s   i n   p a r e n t h e s e s  are f o r   t h e   s o l a r  maximum 
e lec t ron  model AE-5 1967. The f i g u r e s   n o t   i n   p a r e n t h e s e s  are f o r  model 
AE-5 1975  Projected. 
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Figure 37, Differential  Spectra a t  L = 1.6 
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Figure 47. Omnidirectional  Flux  Distribution for E > 1.5 MeV, L = 1.8 
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Figure 51. Point-by-Polnt  Table, ORP Version 2.0 
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Figure 52. L-Band Summary Table, ORP Version 2.0 
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Figure 53. Intensity Sumary Table, ORP Version 2.0 
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Figure 54. Peak FTux per Orhit Table, ORP Version 2.0 
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